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BOOK III. 


CHAEFE XI. 
Of Hydraulicks, its Etymology, &c. 


HE Etymology or Derivation of Hydraulicks, (tho? 
Rl it is a Word rarely found in any of the Lexicons) is 
undoubtedly from vr, or rather vd'gic agua, Wa- 
ter, or of, or belonging thereto; and «v\% Tibicen, or 
„71a, a Pipe: Since Vitruvius, Lib. to. chap. 12. 
=== „ . 4 - 
=) tells us, that the Ancients heretofore play'd all their 
Organs and other Inſtruments of Muſick of that kind (which we 
now play with Wind) by Water. 
„Tu Organs, (lays he) were play'd by the Help of two Suc- 
kets, which were pull'd up or let down in the Body of the Pump, 
which Suckets pretis'd the Air with Violence into a Funnel revers'd 
in a Copper Coffer, half full of Water, and preſs'd the Water, 
and conſtrain'd it fo as to aſcend round about within the Coffer, 
which operated ſo, that its Weight in making it re-enter into the 
Funnel, puſh'd the Air into the Pipes, and made them play, pro- 
ducing the fame Effects which the Bellows did. 
Tus learned Harris, in his Lexicon Technicum, ſays, that Orga- 
nam 15 miſtaken when he mixes and confounds Hydrojtaticks and Hy- 
araulicks one with another, ſince by the firit is explain'd the natural 
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Equilibrium or Motion of Water and other Fluids, and by the latter 
the Force of Mechanical Engines for the forcing it up to great 


Heights. | 


And theſe Engines are of many and different Kinds; as 


Firſt, thoſe that are ſimple, as is the Siphon, Syringe, Antlia, or 
Single Pump, Screw Engine, and the like. 

THe ſecond are thoſe that are compounded of the Pump and o- 
ther Parts; as the Chain-Pump, Crankwork, Vibrating-Leaver, Sc. 
the Wheels whereof are drove either by the Strength of Men, 
Horſes, Water, Wind, and the like. 


Tre laſt is the Fire-Engine; an Invention of that great Uſe and 


Facility of working (eſpecially in Coal-Mines) where it was at firſt 
chiefly deſign'd ; fo that we may, without Arrogance, challenge the 
whole World for ſuch an Invention. 

TT is requir'd in an Engine, that the Parts, whereof it is com- 
pos'd, be few, and thoſe very ſimple and plain; for although in all 
other Machines, as the Jack, Clock, and Watchwork, as alſo in 
raiſing a great Weight, there 1s a Neceſlity of a great Number of 
Wheels and Pullies, either to retard its Motion, and to keep it long 
from going own, or in the other Caſe, to make the Aſcent of hea- 
vy Bodies more eaſy and regular ; to which muſt be join'd, a moſt 
powerful Force. Yet in Machines for raiſing Water, the Caſe is al- 
ter d. And the Friction is fo great in a great Number of Cogg- 
Wheels, Runlets, Sc. that the Machine goes heavy, and its Imper- 
fection is diſcover'd by that ſhocking and Noiſe which it makes, 
whilſt a good Machine goes eaſy and ſmooth, and almoſt as filent as 
a Clock or a Watch, as whoever has ſeen that in Blenheim Bridge, 
can teſtify, 5 

Tart Ancients, as Vitrxvius, lib. 10. cap. 21. ſets down, had ſe- 
veral ſorts of Engines for raiſing of Water. 

Tux firſt was the Tympan, ot which there were two Sorts; ons 
elevated a great deal of Water, but not very high, for it only moun— 
ted to the Axletree of the Tympan, which was a great Wheel made 
of Planks, which made two Bottoms divided into eight Parts from 
the Center to the Circumference, each Separation having an Open- 
ing half a Foot wide, near the Circumterence, to draw the Water, 
which being elevated on the Axletree, ran through the Cavities 
which were hollowed in each Separation. 

Tu ſecond Machine. was a Wheel which elevated the Water as 
high as its Circumference, by the Help of ſeveral Boxes, which 
were faſtened about it, and which. pour'd out the Water into a 


Reeve, as the Wheel (having mounted) began to deſcend. B 
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Tu third Machine was a Chain with Buckets, as the one moun- 
ted, the other deſcended, being drawn by the Axletree. 

THe fourth Machine was the Vice or Screw of Archimedes, with 
which, it was faid, he drain'd off the Floods of the Nile, though 
Vitruvius makes no mention of the Inventor. This Vice was made 
of a long Beam, or Piece of Wood, ſixteen Times as. long as its Dia- 
meter; about this Piece of Wood was put obliquely, a Hoop of 
Willow Wood, beſmear'd with Pitch, and it was conducted by tur- 
ning it round, by the Means of a Handle or Wheel, the Bottom 
of which was fix'd in the Water, and the Top on a Poſt ſet to 
the Height, to which a Man was to raite his Water ; and of this 
_ there are ſeveral now in Uſe. But of this more in its proper 
Place. 

Bur beſides this, the Ancients had Engines for drawing or raiſing, 
which they call'd by the general Name of Budromia (as may be 
ſeen in the Chapter, where the Axis in Peritrochio is treated of) 
and were no other than for the drawing of Water out of Wells by a 
Chain and Bucket : But as all Engines of this Kind are now reduc'd 
into a more mechanical Method, they are now rank'd under the 
general Head of Hydraulicks, as has been ſet down more at large 
in the Beginning of this Book. 

OF this Kind there were Engines, Machines or Mills, call them 
which you will, chiefly made Uſe of then, for the grinding of 


Corn amongſt the Romans, which, as Vitruvius, Lib. io. Chap. 


Io. fays, were mov'd by the Help of a great Wheel, which had 
many Wings, which we now call Pallats or Ladles, and forced 
by the Current. : 

TE Axletree of this great Wheel travers'd another which had 
Coggs, that made the Laathorn or Trundle Head go round, 
and which being plac'd horizontally, . was travers'd with a Beam 
of Iron, which entring through above into an Iron in the. 
Form of a Wedge, helped to faſten the Beam into the Mill- 
ſtone, above which was the Mill-hopper, in form of a Funnel. 
And thus far Vitruvius ſets down, as to Mills, Sc. chiefly uſed 
in thoſe Times, for grinding of Corn, and ſometimes for railing of 


Water: But later Experience has produc'd a much greater Num- 


ber of Inventions, for raiſing of Water by Chaiu-work, Crank- 
work, the vibrating aver, Fire Engines, of which in their re- 
ſpective Order. PRIN 
Bur before I finiſh this Introduction, tho? it is a little facetious, 
I can't but preſent my Reader with the following Account, as it 
was ſent. me by a Gentleman of Wit and Humour. 1 
nee 
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I need not trouble my Reader with the Names of Perſons, 
unleſs I have Particular Orders tor ſo doing, but hope he will take 
the Letter juſt as he finds it, as it demonſtrates the ſeveral Uſes to 
which Water Engines may be apply'd. 


March 18, 1727. 
S-1-R, 
MIR THOMAS laid his Commands upon me, to give you an 
„Account of the Water-works by him deſign'd, which comes 
« from a Spring a Mile from his Hall, with a natural Deſcent all 
& the Way, ar leaſt above 60 Feet high, falling naturally into the 
« {cyeral uſeful Offices following, vir. 
« 1/t, Ir ſerves a very fine Marble, but unuſual Beaufet to 
waſh his Glaſſes, and which will hold above nine Bottles, at leaſt 
„ half Way in Water to cool his Liquor. 
„ 24ly, Tas next ſerves to turn the Spitt in his Kitchen, by 
which, inſtead of a Jack (and much more uſeful, and lets 
« troubleſome) he roaſts all his Meat. | 

« 3dly, ANOTHER large Cock in his Kitchen, which ſerves all 

common Uſes in the ſame. 

« gthly, A Cock that turns in a Tubb, to keep the Wort 

&« cool in the fame, to condenſe the Spirits from a Bolt-head 
„ ſtill. 
„ 5rhly, Tux next is the Brewhouſe, where it ſerves 4 Cop- 
<« pers, the firſt plac'd 20 Feet high, to keep Water hot all the Day 
« for brewing, maſhing, and ſcalding of Veſſels, and which falls 
« into the maſhing Tubb, and from out of the maſhing Tubb 
“ into the under Deck, from thence into another Copper to boil 
„ the Wort, and from thence into a large Cooler, naturally by 
«© Deſcents, without either pumping or leading. 

« 6thly, AND /aſily, (at pretent) in his lower Kitchen it roaſts 
his Meat (as in the upper Kitchen), churns his Butter, dreſſes the 
Flower tor his Bread, waſhes his Cloaths, griads his Malt. And 
now give me Leave to add a 27%, upon the Anvil not yet 
brought to Perfection, which will be neceſſary and very uſetul, 
„being lately married to a fine young Lady, and which he is 
now contriving, will be to rock the Cradle. 
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Ax with this I ſhall conclude what I have to fay in this 
Introduction. 


CHAP. 
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CHAP: XX. 


Of the mechanick Sciences, and their Uſes in Hydrau- 
licks, c. 


FIT HER T O we have treated in general concerning 

Air and Water, and the natural Effects they have in 
Hyaroſtaticks and Hydraulicks 5 but as the latter is 
principally founded on Mechanicks, in order to the rai- 
ling of Water fo much above its natural and common 
———— ]cyc, to the Tops of high Hills and elevated Situ- 
ations, it ſeems requiſite that we take ſuch a View of theſe Sciences, 
as may (with the greater Certainty and Facility.) introduce the 


Reader into that which is the chief Purport of this part of my De- 
lign; I mean Hydraulicks. 


Of the Leaver. 


Tur firſt I ſhall begin with, is Feds, the Leaver, which, as the 
learned //allts has it, has its Derivation 2 Yehendo, and that Vector 
Pettio, Vectura, Vectigal, Convexum, Vexum, Vexiilum, are a- kin 
to it; and that it is called Lea ver 4 Levardo, becaule of its Uſes in 
lifting or heaving. 

Nov the Power of this Inſtrument (which is of great Uſe in W- 
draulicks) is more or leſs, according to the Point by which it is 
ſuſpended: For Example, let A B, Fig. 1. Tab. ſeq. be the Leaver, 
O che Burthen to be mov'd, B the Point where it is to raiſe its 
Weight, A the Place where the moving Force is apply'd, and V the 
Force it felt, F the Fulcrum or Prop by which it is ſuſtain'd, and C 
the Center of Motion. 

IT is plain, that if that Center or Point of Motion were plac'd 
more up towards Wand A as.at D, that the Weight O, which is 

plac'd at B, could not be rais'd with that Eaſe which now it is, no, 


not although there were four times the Weight apply'd at A. This 
is further demonſtrated, by Fig. 2. 


1 


a ——— — —h— — — 


280 An Introduction to a General Syſtem 


IT would be foreign to my Purpoſe, at leaſt it would take up more 
Room than I can allow my felt in the Compaſs of this Treatiſe, to 
go through all the Ules of this ancient, but plain Inſtrument ; and 
tor the farther Satisfaction of thoſe that are very curious of my 
Readers, I refer them to that elaborate Treatiſe of Mechauicks 
wrote by the learned Dr, //allis, cap. 6. p. 572,&c. where it is ve- 
ry exactly treated of. 

Tris Leaver we have been thus epitomizing, is alſo not improper— 


ly call'd a Scale or Ballance, which is a rectilinear Beam, as A B, vid. 


Eig. 3. made of a firm homogeneous Matter, every where of an equal 
Thickneſs, ſo that if it reſt with its middle Point C upon the Prop 
D, its Ends will keep an horizontal Poſition; for which Reaſon it 
may be conſider'd, as a Line without Weight. And if at equal Di- 
ſtances in A and B, or nigh A and B, the equal Weight X and Z be 
ſuſpended immediately, or within two Balins of equal Poiſe, they 
will keep the ſame Situation. 

Bur if the Weight X were to be heavier than the Weight Z, or 
the Prop at C were to be mov'd more towards either X or Z, then 


would appear that famous but yet intelligible Theorem, and which 


is indeed the Corollary of all the Experiments that can be try'd in 
Mechanicks, that equal Weights ſuſpended at unequal Diſtances, 
nor unequal Weights plac'd at equal Diſtances , can't equipon- 
derate. 

AN from thence may be demonſtrated, wherein the comparative 
Habit of Weights, ſuſpended from an unequal Radius of the Ballance, 
does conſiſt; for if the Weights M N, Fig. IV. are reciprocally 
proportionable to the Parts of the Beam, that is, if the Radius AC 
be two, and B C three Parts in Length, and again the Weight ſuſ- 
pended at the End of the long Radius be two, and M hanging at the 
ſhorter End be three Pounds, theſe Weights will neceſlarily equipoiſe 
each other, as Experience ſheweth; for M cannot deſcend, but that 
N muſt at the ſame time aſcend; nor can the Radius C A in deſcen- 
ding paſs through two Parts of Space A C; but the longer C B will 
aſcend through three Parts of Space to F. And ſince the two 
Pounds Weight N meets with the Reſiſtance of a ſixfold Impulſe in 
paſſing through the triple Space B F, the three Pound Weight M 
moving in a double Space, will likewiſe ſuffer a ſextuple Impulſe. 
And thus it is plain, that it will be ſo in all other Cales, and there- 
tore the Reſiſtance of the aſcending Weight will be equal to the Im- 
pulſes of the deſcending. Hence alſo it is manifeſt, that N cannot 
be lifted up by M, (nor M by N) for the ſame Reaſon , and conſe- 


quently they will mutually keep one another at Reſt in Equilibrio, 
I as 
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as is in Fig. 3. Which being thus demonſtrated, it neceſſarily fol- 
lows, that equal Weights ſuſpended at unequal Diſtances from the 
Middle of the Ballance, can't equiponderate, as before. For in the 
preſent Caſe, if to the Weight N never ſo little Weight more be ad- 
ded, it will neceſſarily deſtroy the Equilibrium; how much more, 
then, will it be taken away, if N by a farther Addition, (vis. that 
of a whole Pound) be ſuppos'd to be made equal to the Weight M? 

Bor if inſtead of the Weight N, ſome other moving Force, eſpe- 
cially that of a Man's Hand, were apply'd, then this Ballance re- 
turns to its firſt Appellation; the Yefzs or Leaver not any ways dif- 
fering from the Ballance in any eſſential Property. 

AN if the moving Force, being ſomething ſtrongly actuated, 
move downwards, and the Weight to be mov'd at the fame time be 
lifted upwards, the Leaver is then call'd Hefrerodromus ; but if one 
of its Extreams C, (Fig. V.) be placed upon the Hypomochlion, or 
Prop, and the other be apply'd to the moving Force B, the Weight 
to be moved being placed between them both in A; ſo that the mo- 
ving Force B mult move the fame Way with the Weight A, which 
is to be rais'd, then this Vectis or Leaver is call'd Homodromus. In 
which the Proportion of the Diſtances from the Flypomochlion or 
Prop are ſtill the ſame; vig. B C being to A C reciprocally as the 
Weight and Forces, vig. as A is to B. For if at one End of the 
Hypomochlion or Prop, there be placed the Radius C 6 equal to C B, 
it is plain from the Nature of the Ballance, that the Weight of one 
Pound in &, to which the Weight A of tour Pounds may be ſuppos'd 
to be equal in poiſe (by what has been already ſaid) may be ſuſtain'd 
and kept up by the Force of one Pound apply'd in B, (there being 
no Weight at the ſame time in A) that is, in plain Terms, the Force 
of one Pound on B weighs as much as four Pounds in A. 

Ax» if the Arms or Radii of tlie Leaver lie not in a ſtrait Line, 
but incline one to another, ſo as to make an Angle, the reciprocal 
Proportion of the Weight and Radu will nor then be the ſame, but 
then the Proportion of the Weights X and Z (Fig. 6.) is eſtimated 
by the Diſtances of the Line of Direction; that is, as if B C, in 
Numb. 1. and A C, in Numb. 2. were the Arms or Radii of a 
rectilinear Vedtis, and after the fame Manner, it to one of the 
Radii D C of the ſtrait Vectis or Leaver, there be apply'd a Force 
drawing upwards or downwards obliquely, Numb 3, and 4. then 
it will not be as DCis to BC, but as A Cto B C. vs. the perpen- 
dicular Diſtances to the Lines of Direction : So will the Weight Z, 
which is the Weight to be poiſed, be to the Force that raiſeth it in 
X, which is ſeldom obſerv'd in vulgar Books of Mechanicks. 


Oo AFTER 
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Ar TR the ſame Manner alſo, may Cranes, with which is drawn 
the Water out of Wells, be reckoned as Leavers ; for in letting down 
the Bucket E, Fig. XI. the Force drawing the Chain or Rope B E 
downwards, and the Weight it ſelf of the empty Bucket, is apply'd 
to the longeſt Arm of the Leaver B C, whilft the Stone D, which 
is heavier than the Bucket, lies upon the ſhorteſt C A; ſo that the 
Force drawing down the Chain, is requir'd to be ſo much the leſs, 
to overcome the Exceſs of the Weight D above the Weight of the 
Bucket and Chain, by how much the greater the Proportion of the 
Arm or Radius B C is to the Arm CA; but in drawing up the Buc- 
ket, which is now ſuppos'd to be full of Water, the Force that lifts 
it up, is in part, the Weight of the Stone D, but is apply'd to the 
ſhorteſt Arm of the inverted Leaver A C: whence it is, that it at 
moſt the Stone D were equal in Weight to the full Bucket, yet it 
could not raiſe it up, till, on the other Hand, ſome other Force, vig. 


that of a Man, be apply'd to the Chain, which may be able to out- 


litt the remaining Part of the depreſſing Force or Weight ; which 
Thing is elegantly enough demonſtrated by Ariſtotle, Problem 28. 
but yet may be ſet into a clearer Light, if we reduce it into Num- 
per, by forming it into ſome Caſe. 

As for Example, ſuppoſe the Weight of the empty Bucket and 
Chain together to be torty Pounds, and the Stone D an Hundred 


Pounds, the Arm B C as two Pounds, the Arm A C as one Pound; 


which being ſuppos'd, the Force of a little above thirty Pound will 
be ſufficient to ſink the Pail; and, on the contrary, let the full Buc- 
ket, with its Chain, weigh ninety Pounds; which being fuppos'd, 


the Weight ninety Pounds will be to the Weight an Hundred and 


eighty Pounds, as one to two; and therefore the Stone D, which is 
an Hundred Pounds, won't be ſufficient to ſuſtain, much leſs to raiſe 
the Bucket; but the Force of a Man equivalent to above eighty 


Pounds, is required to draw the Chain up, or to the Weight D 


there muſt be added ten or twenty Pounds, or elſe the Diſtance 

from C to A muſt be enlarg'd, or the Proportion from B to C dimi- 

niſh'd. Bur the firſt is the moſt eligible ; where, it you apply a 

Lead Weight of fifty Pounds at C, it will add more Force at that 

8 than the Stone of an Hundred Pounds at D; of which more 
erealter. 


Of 
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Of the Axis in Peritrochio. 


Tur Axis in Peritrochio, is a Machine, or Mechanical Inſtru- 
ment, proper for lifting great Weights, as the Yes or Leaver is of 
{mall; and all Writers of Mechanicks reduce them both to one and 
the ſame Laws. It is (as the learned Dr. Wallis defines it, cap. 7. 
p. 605. of his Mechanicks) compos'd of a Cylinder, which is call'd 
the Axis, and which is ſuſtain'd at each End with a Hypomochlion, 
Fulcrum, or Prop, call it which you will; round which, is a Tym- 
panum, Wheel, or Crane, and is call'd the Peritrochium; in the 
Ambit or Circumference of which, Holes being made on purpoſe, 
are fixt in the Scytalæ, ſerving as Handles; to which, if a Force is 
apply'd, the Peritrochium, with its Axis, will turn round, on which 
the Ropes being rowl'd, they elevate or lift up the Burthen. 

I SHALL not copy or tranſlate what that learaed Gentleman be- 
fore-nam'd, or others, have ſet down as to the Original of the ſeve- 
ral Members of which this and the other uſeful Inſtruments of this 
kind are made, becauſe it would lead me too far out of my Way; 
but in order to illuſtrate it the better, will, for example, ſuppoſe the 
cylinderical Axis to be moveable horizontally, about the central 
Pins or Nails at AB, (Fig. VIII.) to which a Rope being faſtened 
by one of its Extreams, and wound round the Cylinder or Axis, ha- 
ving a Weight hanging at the other End, it will raiſe it ſo much the 
faſter, by how much the oftner the Cylinder is turn'd round; for 
the facilitating of which, either one Leaver D A is tranſverlly inſer- 
ted into it, which muſt be turn'd round with a Man's Hand, or any 
other impelling Force, from D to 4, Wc. and ſo rendered 1 
and ſometimes for Conveniency, two, at leaſt, are put in, as DAC 
and 4 A c, are tranſyerſly thruſt through it, whoſe Extremities 
DA C and c, may be ſucceſſively turn'd round, and ſo uſed as one 
ſingle Leaver, the Hypomochlion, Fulcrum, or Prop, being always 
at the Axis of the Cylinder, or at the Center A ; the longer Arm 
d a, or D A; the ſhorter one @ e, or A E, being the Semidiameter 
ot the Cylinder, from whoſe Extremity E, or the Periphery which 
it deſcribes, the Weight to be rais'd is continually ſuppoſed to hang; 
and when it is in this Force, it repreſents that Engine which is com- 
monly calld the Windlals. 


Oo 2 The 


W.. PPP 


284 An Introduction 10 a General Syſtem 


The Peritrochium de/trib'd. 


| 

For a more particular Deſcription of the Axis in Peritrochio, to 
which all theſe Engines belong, it is nothing but a Wheel or Arbor 
furniſh'd with Handles, (by the Latin Writers of Mechanicks call'd 
Scyrale) which are alſo called Logs or Leavers, as D4defg Lb, 
Sc. Fig. IX. and apply'd to the moveable or turning Axis A B, not 
diftering eſſentially from the Windlaſs, and conſequently not from 
the Multiplied Leaver; for here, alſo, the Hpomochlion, or Prop, is 
the Center of the Cylinder A, or the Axis A B, the Weight being 
— at D K, which is the ſame thing as if it was ſuſpended in 

L. 

As to the Proportion to be obſerved in the Axis in Peritrochio, 
the learned Dr. Wallis, in his Mechanicks, cap. 7. Prop. 1. ſays, 
that as the Perimeter of the Axis, to which the Weight to be mov'd 
i fixt, is to the Perimeter or Circumference of the outer Orb to 
which the moving Force is apply d, or as the Diameter or Semid:- 
ameter of one, is to the Diameter or Semidiameter of the other; (0 
vice versa, is the moving Force, to the Weight to be mou d. lo 
ſpeak more plainly, in the Example that lies before us, let A E be 
the Axis or Arm to which the Weight to be moved is fixt, which 
ſuppoſe one Foot diameter, then conſequently the outward Axis or 
Arm A D is three Feet. Now it the Weight to be rais'd is three 
Hundred Pounds, the Strength that raiſes it at that Diſtance, be it 
either the Weight of a Man, or any other accidental. Weight, muſt 


be an Hundred Pounds. 
Of the Windbeam. 


Taz Windbeam is nothing elſe but an ere Peritrochium, only 
it has but one tranſverſe Beam, which is made to take out and in 
at Pleaſure, a Hole being made through the Cylinder for that Pur- 
poſe ;. to the two Parts of this Beam D A D, may be apply'd the 


Force of ſeveral Men at once, (fee Fig. 10.) and is a very. well known 


Engine for raiſing Corn to the Tops of Houſes, the taking ot Tim- 
ber out of the Water, and laying it on Wharts, for raiſing of vaſt 
Stones to the Tops of high Buildings, Sc. The Strength of this 
Inſtrument, as indeed is that of all the reſt, is in Proportion to the 
Weight it is to raiſe or let down, the Length of the Arm or Radius 
A. D, being alſo in a due (i. e. in a triple) Proportion to the Semi- 
diameter of the Axis A B. | by 
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Tax Crane, or Tread-wheel, is another Sort of Perztrochium, or 
Wheel, of a large Cavity, in which a Man at L, Fig. XI. is endea- 
vouring to climb upwards; the right Hand turns its Ambit round, 
and at the ſame time windeth up the Rope E F on a cylinderical Ax- 
is, which being more and more ſhortened, and brought over the 
Wheels F and G, by degrees lifts up the Weight H, which being 
raiſed to the deſired Height, (to wit, to I) the whole Frame turns 
about the Center K, (both Ways, to the right Hand, or the left, as 
Occaſion requires) tor the Conveniency of changing the Weight. 
To eſtimate the Power or Force of this Engine, you are to erect 
L A perpendicular to the horizontal Semidiameter of the Wheel, 
making the Proportion thus; as A C is to CB, ſo is the Weight to 
be rais'd to the moving Force. 

THe next fort of Axis in Perztrochio JI ſhall mention, is a hori- 
zontal Wheel, Fig. VII. which was heretofore drove by the Walk 
of an Ox or ſome other Animal, which walks upon the Wheel, at 
leaſt endeavours to go forwards ; and by this its Endeavour or Stri- 
ving, it drives the Wheel backwards, and ſets the whole Engine to 
work, which forces up the Water from the Bottoms of the deepeſt 
Wells, to a great Height, through Tubes that are furniſhed with 
their Buckets; and of this kind alſo, are ſuch horizontal Wheels as 
are drove by a running Stream, or the riling and falling of the Tide. 
And near unto it are thole by which our reverend and ingenious 
Mr. Holland and others draw their Water out of the deepeſt 
Profundity, only the Horſe goes in the Out-lide of the Wheel, 
and the Wheel turns with the Horſe. The moving Force to 
raiſe this Water, ought to be ſo much the greater, by how much the 
higher it is to be impell'd or forced up through the Tubes or Pipes 
from the Bottom of the Well above its Brink, which is ſometimes 
as high as the uppermoſt Stories of Buildings. Theſe are to be eſ- 
timated alſo, in the ſame Proportion as the Line A C, Fig. VII. 
which reaches from the Foot of the Ox, Sc. treading on the Wheel, 
to the Center of the Axis, hath to the Semidiameter of the Axis 
C B. And to this Place alſo, may be referr'd other ſmall Engines, 
as Turnſpits, and the like; and to this alſo may be reterr?d, the 
outmoſt Wheels of Water-Wind-Mills, and all other Mills that are 
work'd by Horſes, as before ; which, with their cylinderical Axis's, 
are nothing but Windlaſſes or Cranes, accommodated to the mo- 
ving of the reſt of the inner. Works, which being turn'd by Horſes, 
or the Weight of Water falling upon them, or the Force of Water 
running ſwiftly under them, drive them round, and are by ſo much 
the more poweriul, by how much greater the Semidiameter 55 Fn 

Wheel, 
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Wheel, or Length of the Leaver is, in Proportion to the Semi- 
diameter of the Axis. And all theſe kind of Engines are call'd by 
the general Name of Budromia. 


Of Cogg-Wheels. 


CogcG-WHEELs, when accommodated to their Axis, are nothing 
elſe but Windlaſſes, and their Coggs the Leavers or Handles; to 
which is apply'd a Man's Hand, for the moving Force, (if there 
be no Water or other Help). The Proportions of Cogg-W heels to 
raiſe, or, in other Words, to overcome the Reſiſtance of Weight, is 
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ſufficient to ſuſtain twelve Hundred Pounds; and ſo the Wheels be- 
ing multiplied on, the ſame Man, or the ſame Strength of Water, or 
other Force, will be able to raiſe more and more Weight; of which 
Multiplication of Forces, which is, as it were, infinite, Specimens 
e are to be ſeen in all Mill and Water- Works. 


alſo as the Semidiametcr of the Axis 1s to the Semidiameter of the 

Wheel; ſo that by the Help of the Cogg-Wheel A D C, Tig. XIII, 

whole Semidiameter A C is to the Semidiameter of the Axis A C, as F 
tour 15 to one. So that a Man whole Force 1s equivalent to an Hun- 1 
dred Pounds, turning the Wheel A by the Handle F, which Handle 4 
it ſelf alſo adds ſome Force, but is here to be neglected, will be able i 
to raiſe four Hundred Pounds. But if to this Wheel be added ano- 1 
ther indented one G, whoſe Semidiameter 4c to the Semidiameter A 
of the Axis (Allowance being made for Friction) is ſuppoſed to be as I 
three to one. Theſe, by tripling the former Force, will render them : 


Of the Force of Pullies in the lifting and moving vaſt Burdens and 
Weights. 


As the Windlaſs, or Peritrochinm, and the like ſort of Cylinders, 
turning upon their Axis, have been proved in the preceding Chap- 
ter to have the Nature and Force of the perpetual Leaver ; fo the 
Pulley, which is a Wheel, not only turning about its Axis, but 
made ſo, that at the ſame time it is drawn up by the Rope or Cord 
that goes round it, may very well be accounted, (accordiig to learn- 


ed Dialect) an Homodromous, Leaver, or Vectis, as will be very e- 4 
vident, to any one that will but conſider it well; for if the Cord 2 
which is put over the Wheel A F C, be faſtened at one End in D, C. 


and the other E, be drawn upwards by ſome moving Force, fo that 1 
at the ſame time a Weight ſuſpended from the Middle of the Wheel IF 
be kept in Equilibrio, it is apparent that the moving Force is ap- 


ply'd in A by one of the Extreams of the Leaver A C, the other 
1 


Extream 
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Extream reſting upon the fixt Rope or Cord D C. And laſtly, 'tis 
plain, that the Weight E will be ſuſpended from the middle Point B, 
and conſequently as A C, the Diſtance of the moving Force, is to 
B C, the Diſtance of the Weight from the ſame, vi. as one is to 
two; ſo reciprocally the Weight to be mov'd or ſuſtain'd E, will be 
to the Force ſuſtaining it in E, vig. as an Hundred Pounds is to 
fifty. 

Now there are two Things, eſpecially, to be taken notice of in 
relation to the Axis in Peritrochio, and the preſent Pulley; the firſt 
is, that the Center C is the Hypomochlion, the Weight to be rais'd 
hanging from its Periphery, or Circumterence ; on the contrary, 
here the Center C ſuſtains the Weight, the Hypomochlion being in 
the Periphery of the Wheel, is in the ſecond Place moveable, together 
with the Weight, by this Means procuring a Perpetuity of the Action 
in the Vectis A B C, quite after another Manner, with half the 
Force, which otherwiſe, without this Application, could not be 
done. Now if this Pulley be fixt from above, it will afford no 
Help towards the lifting the Weight; for if the Pulley A B D, Fig. 
6. Ne 2. be ſuppos'd to be fixt from above, being only moveable 
about the Center C, the moving Force at E mult be equal to the 
Weight it ſelf; becauſe the Hypomochlzon in this Caſe, is in the Mid- 
dle at C, and conſequently the moving Force and Weight is equi- 
diſtant from it, as in the Ballance ; which very Thing happens in the 
Windlaſs, if the Weight A E to be kept or rais'd up, be hanged, not 


from the Extremity of the Axis B, Fig. VII. which is a much leſ- 


ſer Diſtance, but from the Extremity of the Wheel at the Diſtance 
A d, which is equal to the other A D. 

Now, again, in relation to the Pulley G, Fig. XV. in its Combi- 
nation with the lower one A, it is to be noted, that the lower one 
only has the Ratio of a mechanical Power, by whoſe Media- 
tion it is, that a ſingle Force will be able to ſuſtain a double Weight 
by the aforeſaid Ratio; but the upper Wheel is of little Uſe, only 
by its Volubility and Poſition, it facilitates the drawing of the Rope ; 
for ſince the Nail D, which is ſuppoſed to be drove hard into a 
Wall, and by whoſe Help the Part of the Rope D C ſuſtains or holds 
up one halt of the Weight ; juſt as if a Man held it up with his 
Hand, the moving or ſuſtaining Force E G A, muſt of Neceſlity 
bear up the other Half. | 

Txz laſt Example J ſhall produce under theſe Heads, is an Exam- 
ple of accelerated Motion from the Combination of three or four 
Pullics, the Invention of the ingenious P. Bettinus ; by the Help 
of which, a Bucket, Fig. XY. may be brought to the Top of a Well 


ay 
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in half the Time which the common way requires in doing it. Tf 
the Rope or Chain E T, to which the moving Force is apply'd, be 
not immediately faſtened to the Pail or Bucket, but to the Pulley 
B A, which, by the Aſſiſtance of the Rope D B AG, faſtened a 
little above the Well at D, ſuſtains the Bucket fo that the Water 
may eaſily enter into it, and be drawn up by it; for while the Cen- 
ter of the Pulley C is raiſed up to c, *tis very evident, that the Buc- 
ket G mult at the ſame time be raiſed through double that Space to g, 
becauſe, ſince the Space Ee by this Hypotheſis is equal to the Rope 
A G, and A B, the Pulley doth ſo much ſhorten the Rope in its 
Aſcent, its other Part D B A being at the ſame time ſo much leng- 
thened ; it will neceſſarily follow, that in the Poſition of the Pulley 
a c b, the Rope A G will be quite wound up, and that the Bucket 
G will be drawn up cloſe to it: But here it is equally manifeſt, that 
the Strength or Force at E mult be doubled; for the Pin or Nail D 
will always reſiſt the drawing Force, as much as the Weight of the 
Bucket is, which is ſuſpended by it, which theretore does, as it were, 
draw it downwards with an equal Weight. Nor will it be difficult 
from the foregoing Author, to underſtand after what Manner (the 
intermediate Pullies being thus multiplied) a given Weight may be 
_ to any given Height in a given Time: But at preſent this ſhall 
uffice. 

Dr. Wallis's Account of Cogg and Complicated Wheels, 


To finiſh what J have to offer in this preliminary Account of Ma- 
chines, I ſhall add Prop. 3. cap. 7. of the learned Doctor's Mecha- 
nicks, whom we have Occaſion ſo often to mention, as it will put 
the Principles of Mechanical Hydraulicks into the propereſt Light 
of any yet produc'd. 

LET the Center or Axis of Motion be C, the Tympan or Wheel 
C A, which being daſh'd upon with the Current of a River at A, 
turns the Wheel round; and let there be to the ſame Axis of Motion 
C, a leſſer cogg'd or tooth'd Wheel CB, which being joined with 
the former, are mov'd jointly together, as if it were about one 
common Axletree; and let CB be to CA as à is to &, or as one to 
three. The Force then in A, according to Prop. 1. of this Chap- 


ter, will be, therefore, to B, as & is to 4, or as three to one; and 


therefore one Ounce in A will equipoiſe three Ounces in B. 

MoxkE OVER, with the Center or Axis of Motion D, let there be 
another Wheel D B, ſo dentated or tooth'd, and ſo fitted, that its 
Teeth may agree with the Teeth of the Wheel CB, and fo wrought 
into them, that by their Help the Wheel D B may be turn'd about 

its 
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its Center or Axis D, and let them ſo fit, that the Number of Tecth 
of the Wheel D B be in the ſame Ratio to the Number of the Teeth 
in the Wheel C B, that is, the Ambit or Circumference of one, be 
in Proportion to the Ambit or Circumference of the other, and the 
Radius of one, to the Radius of the other; and let there be about 
the ſame moving Axletree D, a leſſer Orbit or Wheel DE, which 
may move jointly about with D B, which ſhall be as a Windlaſs 
whereon the Rope ſhall be wound, and let the Radius D B be to 
DE, as c is to 6, ſuppoſe as four to one, the Force therefore in B, 
will be equal to that in E, in Proportion as c to &, or as four to one. 
And therefore a Quarter of a Pound in B, will have the ſame Force 
as a Pound in E. And, as is juſt now ſhewn, one Ounce in A drives 
four in B; and therefore the Force of one Ounce in A, will ſuſtain 
the Weight of a Pound in P, and the ſame Force will move or raiſe 
it, being never ſo little encreas'd. | 

Bur if that Weight does not depend directly from Eto P, but re- 
mains on an oblique Plane T O in n, that Weight that is in n, will be 
to that in P, and will ponderate in the ſame Ratio as F I, (a Perpen- 
dicular of equal Height) will with T O, ſuppoſe as c to 4, or as three 
to four. Therefore when the Force in A will draw or drive twelve 
in P, it will draw fixteen in n. 

Ano from this Form of all Kinds of Machines, (ſays this learned 
Author in his Scholium on this Propoſition) it is, that a Judgment 
may be made how all Sorts of Clockwork and other Inſtruments of 
this kind, that are compos'd of dentated or (in plain Words) Cogg 
Wheels, are made, eſpecially that Clock which Pappus deſcribes out 
of Hero Alexandrinus, lib. 2. pro. 10. of his Collection. 

AND from this it is, amongſt many other Obſervations for com- 
mon Ule, that which Ariſtotle touches upon in the ninth Queſtion 
of his Mechanicks, and which I have elſewhere hinted at, that large 
Wheels, Cylinders, Tympans, Spheres, Sc. move with more Eaſe 
than ſmaller ones, which we often ſee happens ia Chariot or Coach 
Wheels, in Spheres and Cylinders that are uſed on the Ground, in 
the Pullies or Wheels of the Windlaſs, and the like. 

CERTAINLY fo it is in all Water Engines, where, if they be not 
too wide, leſs Water and leſs Weight will do than is requir'd to drive 
lower Wheels, and ſuch Wheels will perform their Office much more 
regular and better, as all that have been converſant in the Coal- works 
of Northumberland, Durham, and other Places, can teſtify ; but of 
that, more in its proper Place. ; 

AND here, by the Way, I cannot but obſerve, that wherever your 
Head can't be made high, and you have not a great Strength of We- 
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ter, why this very multiplied Wheel may not ſupply that Defect 
for if by this little Combination of mechanical Powers, there can 
be three Times the Weight rais'd or forc'd as can be in a ſimple En- 
gine; ſuppoſe the Diameter of the firſt Wheel, what additional 
Strength may not be added by the other, fo as by a little Water to 
force it up very high in tuberous Pipes? But this only en paſſant. 

To conclude this Account of Mechanicks, and the Neceſſity there 
is for every one that would inform himſelf well concerning Ma- 
chines; I have inſerted what precedes and follows in this Account, 
as neceſſary to be known concerning Engines and Mill-Wheels in 
general. What has hitherto been ſet down, having chiefly had re- 
lation to the Proportion which the Perimeter of the Axis of the 
Wheel has to the Perimeter of the extream Orb to which any Force 
is join'd, or that the Semidiameter of the one has to the Semidi- 
ameter of the other, for their better Force in moving great Weights, 
as alſo, of the Power of Multiplying Wheels to that Purpoſe ; ard 
before I quit this Doctrine of the Rowl or Wheel in the Axis in 
Peritrochio, it may not be improper to ſubjoin ſome Speculations 
concerning theſe rotund Machines or Inſtruments, that our Calcu- 
lations on this Head may be the more intelligible, and better under- 
ftood. 

Tu general Obſervation, before-mention'd, and which Ariſtotle 
in the ninth Queſtion of his Mechanicks touches upon ; that /arge 
Wheels, Cylinders, aud Spheres, move with more Eaſe than ſmallones, 
is here more particularly handled, and as there will be Occaſion to li- 
mit this extenſive Poſition, and to produce it in the beſt Light we can, 
let us bring it to its firſt Principle, and ſuppoſe that a Cylinder, ſuch 
as Ariſtotle calls the Scytalis, or Rowler, that is us'd in Gardens, or 
for the ſmoothing of any Piece of rough Ground; ſuch as is in Fig. 
1. Tab. Seq. 

Is the Weight and Length of the Cylinder be equal, though the 
Diameter be more in the one than in the other, it is plain, from e- 
very Day's Experience, that you may rowl the larger with more 
Eaſe than you do the leſſer; becauſe, in the firſt Place, the Center 
of the large Cylinder is higher from the Plane of the Earth than the 
ſmall one is, and ieee a Man or a Horſe pulls at it with the 
greater Advantage, the Vis Motrix or Strain being nearly horizontal 
to his Hands. But this, I fay, is when the two Cylinders are made 
of different Materials, the one of Wood, and the other of Stone or 
Lead, of equal Length though of different Diameters. And this 
is agreeable to what the learned Wallis, Prop. 1. cap. 7. of his Me- 
chanicks, ſets down; where, treating of the Axis in rin. 

om 
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from which this Figure 1s taken, it 1s evident, that the Force of the 
Pulley is nearly horizontal, at moſt not above five Degrees from it; 
for if the Rope at P were faſtened, in order to be wound up more 
towards B, the higher you go, the more Difficulty you would meet 
with in drawing the Burden N RS on. 

AN this is tarther agreeable to what the aforeſaid learned Gentle- 
man has ſet down in Prop. 3. p. 627. of the fame Mechanicks; 
where he tells us, that it the Axis of a fore Wheel was as high as 
the Breaſt of a Horſe, the Draught Line, to which the Force is ap- 
ply'd, would be horizontal, and conſequently the Motion and Thing 
to be moved direct, becauſe they are level; but that a Coach 
or Cart muſt aſcend and deſcend great Hills and Mountains, ia. 
Fig. 2. T O P) it is neceſſary that the fore Wheel be lower than 
the hind ones, (Which is not fo much us'd in Holland and 
other level Countries, as in England,) tor that the Draught ſhould 
be rather parallel to the Hypothenuſe or Acclivity of the Hill, than 
to the Horizon ; becauſe the Draught of the one is much eaſier than 
the Draught ot the other ; but, generally ſpeaking, the Harneſs be- 
ing fo much lower than the Breaſt of the Horſe, he may be ſaid not 
only to draw, but alſo to elevate or lift up the Weight which is be- 
hiad him. But of this only en paſſant, it not being of any great 
Conſequence in the Demonſtration of what we are upon. 

AGAIN, this Difficulty or Diſproportion in Wheels, Sc. whether 
for Water, or heavy Land Carriage, on low Wheels rather than 
high, is occaſioned, as Wallis will have it, from the Friction of the 
Axis or Axletree in the Box; or, in other Words, the Adheſion of 
the Iron in the Axletree, to that which is in the Bore or Box, cau- 
ſed by the heavy Weight or Burthen that is laid upon it; and chis 
is the Reaſon that Arz/torte aſſigns, (in the 11th Queſtion of his Me- 
chanicks) why Rowls that lie plain on the Ground, can carry greater 
Weights, (as in the moving of Barns, and other Edifices it is vi- 
ſibie,) than Wheels will; to wit, from the Friction that is in the 
Ax/etree; for at the ſame time that the Weight lies upon the whole 
Cylinder, it there reſts upon fo ſmall a Part as the Axletree 
only, which makes the Rotation ſtiff, but in the Rowl it is not fo. 

AND of this Opinion alſo, is our oft- quoted Wallis, Prop. 3. cap. 7. 
p. 625. of his Mechanicks before- mentioned; where, treating of 
the Axis in Peritrochio, he has theſe Words, Poſit nempe eadem 
utrobique Axis magnitudine, quod friftione oritur impedimentum, 
& c. of which a larger Account may be ſeen under the Head of Fric- 
tion. Aud this is the Reaſon, favs he, that the Axletrees and Wheels 
ot Coaches and Waggons, when they are ſmaller, wear out, and re- 
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quire to be oftener repair'd, than thoſe that are larger, from a Rea- 
{on obvious to the moſt incurious Obſerver ; to wit, from the Small- 
neſs of the Wheel, the Rotation of which is the oftener repeated, and 
conſequently the Friction and Wear alſo, the Body reſting thereupon 
being of an equal Weight, though not of an equal Diameter or 


Bulk; and for that, alſo, as the learned Wallis has it in his Account 


of the Difference of Wheels for Carriage, Prop. 3. cap. 7. of his 
Mechanicis Cognatis, that the incumbent Weight being greater on 
the lower Wheel than on the higher, it preſſes the harder upon it; 
as is demonſtrated in his Treatite de Vecte, cap. 6. where the Leaver 
being placed on two Fulcrums or Props ot unequal Heights, the 
Preſſure is unequal alſo, preſſing much more on the lower or hinder 
one, than it does on the fore or higher one. And the ſame ingenious 
Author adds, that it is not (as may be by ſome ſuppos'd) by 
the fore Wheels of a Coach or Cart's being lower than the hinder, 
that is an Advantage to it on account of the Weight puſhing the 
ſame forwards ; but, on the contrary, a Diladvantage, in cruſhing 


the fore Wheel, the Uſe of which, by that Lownels, is only deſign- 


ed for turning the ſhorter upon all Occaſions, and not for the Diſ- 
charge of the ſuperincumbent Weight, or to facilitate its Paſſage 
forwards. 

Tais, and much more, might be produc'd, to ſhew the Advan- 
tage there is in large Wheels more than is in ſmall ones. But, on 
the other Hand, though this may happen 1n ſmall Bodies, as Row- 
lers, Sc. yet if we conſider the Reſiſtance of Air, it is evident, that 
the greater Circumference a Wheel is of, ſo much the larger Portion 
of Air it has to contend with, and conſequently the greater is the 
Friction or Reſiſtance that mult unavoidably ſtop, at leaſt much hin- 


der the Rotation of the Wheel, and muſt be the Occaſion that large 


Wheels move with much more Difficulty on that Account, than 
{mall ones do; and this, amongſt many other Reaſons, ſeems to be 
one, why they have chang'd ſo many large Wheels as they have, in 
the Cloathing Mills about Bokzng and Brazntree in Eſſex, tor thoſe 
that are of a leſs Diameter. But this is of no great Account. 
Ad, after all the Reaſonings that may be on this Subject, 
(according to the Theorems and Experiments touching the Fectis or 
Leaver) certain it is, that a large Wheel will lift up a great deal more 
Water than a ſmall one; becauſe, it is plain, in the Caſe of the Vec- 
tis or Leaver, which is the Original of all Machines, the farther 
you place your Vis Motrix, or moving Force, from the Center, by 
ſo much the more is your Power encreas'd which is to raiſe any 


Body, whether a Fluid or a Solid ; though it may true, that little 
Wheels 
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Wheels that are broad, may, by the impulſive Force of Water, effect 
the ſame Things as larger Wheels that are narrower. 
AGAIN, in relation to Wheels, and their different Sizes and Poſi- 
tions, it is very certain, over{hot ones are the beſt, eſpecially where 
there is but little Water to drive them ; for, as has been elſewhere 
obſerved, in the Crane, or 'Tread-wheel. See one of the Figures 
in the foregoing Table, where a Man 1s endeavouring to climb 
up, if his Weight were at A, inſtead of 2, and touch'd the Orbit 
of the tangent Line directly, rather than obliquely, the Wheel 
would move with the more Velocity, and conſequently elevate 
the more Weight, by how much more the Water, or any impel- 
ling Force, falls into the Top of the Wheel at C, where, by un- 
doubted Experiments, it has fix Times the Force, and will conſe- 
quney raiſe ſix Times the Weight, or, in other plainer Words, a 
ixth Part of the Water will drive an overſhot Mill, as will drive an 
underſhot one; and the true Reaſon why there are not more over- 
ſhot Wheels, is, that in moſt Places, eſpecially in flattiſh Meadows, 
the Mill-Pond, or Head of Water, cannot be well rais'd above four 


or five Feet high, at moſt ; andas in thoſe Places likewiſe, there are 
great Quantities of Water, (even to a Superfluity) there the great. 
Waſte of Water can't be diſcern'd, which it otherwiſe would, were. 


it to depend on a ſmall Rivulet or Spring. No overſhot Wheel 


ought to be leſs than from ſix or ſeven Feet Diameter, to eight, ten, 
or twelve; though as to Mines, eſpecially at Zumley-Caſtle in the 
Biſhoprick of Durham, there is one of twenty eight Feet. And this 


naturally leads me to what I have been all along aiming at. 


rr — 
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CHAP. XXII 


Of the Siphon, and other Artificial Fountains and 
Jets of Water. 


Le HE Siphon was undoubtedly the chief Inſtrument 
527 


Bo known in the firſt Ages of the World (beſides the 
& Draw-Well) for the raiſing of Water: And fo great 
was the Veneration and Eſteem they had for that In- 
ſtrument, that the P/atonzck Philoſophers (as I find it 
in Bockler) aſſerted, that the Soul {ſhould partake of 
the Joys of Heaven as thro' a Siphon. But this (ſays he) was rather 
parabolically, than really ſpoken. And Theophraſtus, an eminent 
Phyſician of Antiquity, ſays, that the Marrow being thus drawn up 
thro? the Bones, cauſes, as it were, a kind of Corruption of that 
moiſt and vegetative Matter which is 1nherent 1n its Nature. From 
whence Collumella, a noted Philoſopher and Gardener amongſt the 
Ancients, aſſerts, that Vegetables draw their Nouriſhment thro' the 
Stalks and Stems of Shrubs, as it were through a Siphon, and that 
this Proceſs is underſtood to be effected rather directly than oblique- 
ly; for when the Sun, by its long Heat, has drawn up a great deal 
of Moiſture, leſt there ſhould remain any vacuate Space within 
the Cavity or Siphon of the Stem, the remaining Part of the Water 
is turn'd into Air. 

To this Purpoſe alſo Mr. Bradley, in his New Improvements in 
Planting and Gardening, has a very pretty Conceit. 

Bur not to detain my Reader any longer. The induſtrious Oza- 
2am, in his Curſus Mathematicus, Chap. 7. Plate 13. gives an Ac- 
count of ſeveral Engines whereby Water is to be rais'd, ſuch as the 
Windmill, the Limace or Screw of Archimedes, and others, which 
I ſhall exhibit in their proper Places. And the firſt Machine I ſhall 
begin with, is this Siphon; the Effects whereof are fo well deſcrib'd 


by the learned Grave/ande, Cap. 16. Book 2. of his Elements of 
Natural Philoſophy. 


I | Experiment 


of Hydroſtaticks and Hydraulicks. 295 


Experiment 1. Figure 3. Tab. Seq, 


LeT (fays he) one End à of the Curve Tube 25 be immerg'd 
into Water, whilſt the other End 6 deſcends below the Surface of 
the Water. If by Sucking, or any other Way the Air be taken out 
of this Tube, the Water will run thro' &, and this Inſtrument we 
call a Siphon. 

Tris Effect ariſes from the Preſſure of the Air that drives on the 
Water, which is in the Siphon by its Weight on the Surtace thereof 
in the Veſſel. The Air alſo preſſes on the Water that goes out of 
the Orifice &, and ſuſtains it. Theſe Preſſures are equal, and act 
contrariwiſe in the upper Part of the Siphon, without a Force equal 
to the Weight of the Atmoſphere (as has been elſewhere declar'd) 
taking away the Weight of the Pillars of Water, which are ſuſtain'd 
by this Preſſure. 

THe Pillar of Water in the Leg s 6 is longer than the oppoſite 
Pillar of Water ; therefore the like Preſſure of Air is more diminiſh'd 
on the Side &, and the oppoſite Preſſure overcoming it, the Water 
flows towards 6. 


Experim. 2. Fig. 4. 


Tk Siphon abovemention'd has this Inconveniency, that if it 
once ceaſeth to work, the Water will not run again, unleſs the Air 
be drawn out of the Tube again afreſh, But this may be corrected 
by making a Siphon, as in the Figure @ 5 , whoſe Legs are equal 
and turn'd up again; for if the Siphon be fill'd with Water, and 
one Leg be immers'd therein, ſo that the Surface of the Water may 
be above the Orifice, then the Water will run thro? the other Leg, 
for the Reaſon given in the Explication of the former Experiment; 
ſince the Legs are return'd upwards, the Siphon will not be empty'd 
when the running out of the Water ceaſes, and ſo the Siphon being 
once filld, is always ready to work its Effect ; the Water running 
forwards and backwards thro? it, according as it is higher on the one 
Side than on the other. 

Vide Fig. 5. Tab. Seq.) Upon the ſame Principles, as the aforegoing 
Machines, is contriv'd the Siphon for raiſing Water into a Ciſtern. 
The Effect of which is ſeen by the help of a Machine made up of 
two hollow Glaſs Balls Hand I, which are join'd together by the 
TubeCDE, the Ball I communicates with the Water to be rais'd 
up by the means of the Tube A B, which comes up almolt to the 

top 
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top of the Ball; to the Ball H at the lower part, is join'd the Tube 
F G, as long as the whole Tube A B. 

Tre Ball H muſt be fill'd without Water thro' a Hole by a Fun- 
nel, and then the Hole muſt be ſhut up cloſe. And in ſuch Ma- 
chines as are apply'd to ule for raiſing Water out of a Reſervoir that 
contains it, the Water is brought into the Veſſel H, and the Commu- 
nication between the Veſſel and the Relervoir is ſnut up with a Cock. 

Experiment z.] Opening the Cock G, the Water will run out 
that Way, and the Water will aſcend thro? the Tube A B, up into 
rhe Veſſel I; which being fill'd, the Water is ſuffer'd to run away 
to the Place where you would have it, and by repeating the Opera- 
tion, the Elevation of the Water continues. 

OrENING the Cock G, the Air preſſes againſt the Water going 
out of the Tube FG; the Air alſo preſſes upon the Water in the 
Reſervoir, and ſuſtains that which is in the Tube A B. Theſe Preſ- 
ſures are equal, and if you take from the Columns of Water which 
they ſuſtain, you will have the Forces by which they act upon the 
Air contain'd in the upper part of the Veſſels, and the Tube C DE, 
the Pillar FG, becaule there is ſuperadded to it the Height of the 
Water in the Veſſel H, does always overcome the Column in the 
Tube A B, as being longer ; therefore the Preſſure at G is leſs di- 
miniſh'd than the other, and ſo is overcome by it, and therefore the 
Water mult riſe in the Tube A B, and deſcend down F G. 


Of the Limace or Screw-Engine. 


THrrs Engine was, as ſome ſay, firſt invented by Archimedes (though 
Vitruvins, who gives an Account of it, does not mention the Au- 
thor) for the Benefit of the Egyytiaus when they were overflow'd 
by the River Nilus, and is amongſt the Number of thoſe that are 
mention'd in the beginning of this Account of ancient Engines. 

Tre Hollanders have long ago (as ſome Books, that I have ſeen 
of theirs of Fortification, intimate) us'd them 1n draining their mo- 
raſſy and fenny Ground; from whence they have been brought into 
England, and us'd in the Fenns of Lincolnſhire, Cambridgeſbire, 
and other low Countries, eſpecially in the clearing of their Dykes, 
and to make room for their Labourers to work. It is of admirable 
Uſe in drawing the Water out of Fiſh-Ponds, where there is little 
or no Current, in order to the taking out the Fiſh and cleanſing the 
ſame. And in Oxfordſhire, as is elſewhere intimated, they uſe them 
in watering their Meadows, where the Level or Courſe of their Ri- 
vers lic too low to float them by Nature. | 

I Fig. 
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Fig. 1. in the next Table but one, there is a Cutt of that Engine, 
the Deſcription of which take as follows. In the firſt Place there is 
a Rafter 10, 12, 14, 16, 18 or 20 Foot long, as you have Occaſion 
to elevate your Water, though the latter require Horſes to 
work them, but the firſt may be wrought by Men. Thus 
Rafter or Piece of Wood may be alfo from 10, 12, 14, 16, 18 or 
20 Inches Diameter, according to the Length, allowing an Inch in 
Diameter to a Foot in Length, and it muſt be made round, only 
about a Foot and a Half is to be ſquare at Top, on which is fix'd a 
Trundle Wheel. 

AT each End of this Rafter or Wheel-tree is an Axis or 
Gudgcon of Iron as the Mill-wheel has, for the Engine to turn 
upon ; then within three Quarters of the lower End there is a 
Regal or Groove, which muſt be made in the Wheel-tree halt 
an Inch deep, to fix the Boards in, and carried ſpiral in the 
Manner of a Skrew (which, as Vitruvius mentions, ſhould be made 
the Rectangle of Pythagoras) or like a winding Pair of Stairs, 
for ſo it will appear; next you mult take deal Boards, they being 
the lighteſt, 18 Inches long; the one End of them is to be fix'd in 
the Groove, with Pitch and Taw, to prevent the Water getting in 
between, and then this ſeeming Stair-Caſe 1s to be cover'd over 
with Deal Boards, which are to be pitch'd or painted, and the 
Skrew or Stair-Caſe 1s alſo to be groov'd into thoſe Boards, 
about half an Inch deep, and the Joints pitch'd as before, and af- 
ter that cover'd with Iron Hoops, ſet at every two or three 
2 3 which makes it appear like a long Cylinder or 

arrel. | ; 

Tuosk of the ſmalleſt Kind that are work'd by Men have 
only an Iron Handle, as a Grinding-ſtone has, but the largeſt 
that are wrought by Horſes have a Wheel like the Cogg-wheel 
of a Horſe-mill, only the Coggs ſtand downwards; and it is 
drawn by one, two, or three Horſes, as there is Occaſion, Planks 
being plac'd for them to go upon. 18 

THE Bottom of this Engine is plac'd in the Water, the nether 
Gudgeon running in a Piece of Timber plac'd for that Purpoſe 
in the Water, the Engine lying ſideways; the upper Gudgeon is 
likewiſe plac'd in the Engine very truly; fo that the Cogg-wheel 
may turn about the Engine, and at the upper End of the Barrel 
of this Engine is generally plac'd a Trough to receive the Water, 


as 3 out of the Skrew, and to convey it away into ſome 
Ditch. | 
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THis Engine, which takes Hold of the Water, as a Cork-Skrew 
does a Cork, will throw up Water as faſt as an overſhot-Mill, 
whereby in a ſhort Time an infinite Number of Water may 
be thrown up; and I remember when the Foundation of the 
ſtately Bridge of Blenheim was laid, we had ſome of them us'd 
with great Succeſs; and they are alſo us'd in the new River Works 
about Newbury Berkſhire, and ſaid to be the Contrivance of a 
common Soldier, who brought the Invention out of Flanders. 
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CHAP, XIII. 


Of the Antlia or Pump; its Deſcription, Uſes and 
Kinds, &C. 


„ 
5 
+ 


IHE Antlia or Pump was, as Vitruvius and Hero 
Alexandrinus informs us, the Invention of Creſibins 
Ja Barber's Son of Alexandria; and therefore in 
e Compliment to him for this, his ſo uſeful a Ma- 

Ae SE chine is by Wallis and others ſtill call'd the 

— Cieſbian Pump, though made different Ways. 

Vitruuins, Lib. 10. Cap. 2. gives an Account of this Machine, 
which, as is elſewhere intimated, was firſt uſed for the playing 
of Organs, and other Inſtruments of Muſick, of which de Cans 
the famous French Engineer has given us ſeveral Deſigns, which 
I ſhall exhibit in their proper Places: But this Pump, as de- 
ſcrib'd by Vitruvius, does not appear to be the fame that 
Wallis and others give us; this being effected by Preſſure, and 
thoſe that they deſcribe by Suction, or rather the Pulſion of ex- 
terior Air gravitating upon the Water, when the Air is drawn 
out of the Tube by the Piſton. 

Tux induſtrious Ozanan, Book 3d. Page 178. of his Mecha- 
nicks, has given a particular Account of theſe two Kinds of 
Pumps, and of the Manner by which they work their Effects; 
the firſt he calls a force Pump, which ſeems to be the ſame 
which was us'd by its firſt Inventor Creſebius above-mention'd, 
for the playing of Mulick, 
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Taz Second Kind of Pump he calls a ſacking Pump, which 
is effected by the Preſſure of the Air, after the Piſton is rais'd, 
which ſucks out the Air that is therein, and gives L berty for 
the Water to alcend and fill that Place, contrary to the Motion 
of a Vacuum. 

AxD, Laſtly, he calls ſuch a Pump as raiſes Water, by puſhing 
it upwards, a /ifting Pump; but of this and the Effects, and dit- 
ferent Manner of working of theſe Pumps, I ſhall write more 
in its proper Place, and with the learned Grave/ande, &c. 

Monsitur Ozanan, who is one of the firſt and chief amongſt 
the Mathematicians, who in his Cur/us mathematicus, Page 180. 
Fig. 143. has treated of Pump Works, in treating of Crank Work, 
obſerves that the Force of Rivers is commonly made Uſe of to 
play Engines of this Kind, when compounded into Crank or other 
Work, by Means of a Wheel, as A. Fig. 2. of the next Table but 
one, whoſe Floats, dipping in the Water, are puſh'd by the Force of 
the ſaid Water, ſo as to cauſe the Wheel to turn, which turns 
the bended Piece of Iron or double Crank B CD, which bearing 
upon the fix'd Points E F, and turning upon them ſucceſſively, 
comes nearer to, or goes farther off from the Holes I K of the 
two Barrels I L, K mm, and ſo raiſes and ſinks the Piſtons, one 
after another, by Means of their Rods, B, G, C, H, which are 
faſt'ned to the double Crank, BCD at the Points B C; ſo that 
the whole Force of the Engine, which, as hereafter will be more 
amply ſhewn, uniting together, drives up at Bottom, and obi iges 
it to go up into one Pipe, which is common to both Piſtons; 
the Motion and Aſcent of Water thro? the aſcending Pipe, (tho 
not ſo uniform and regular as when there are three or more 
Piſtons, as is often done in Leaver Work) nearly continual, and 
without Interruption, the two Cranks torcing alternately, and 
ſucceeding each other's Stroke. 

THe Proportion for the Strength and Depth of ſuch Cranks 
is according to the Strength of your Wheel, which depends on 
the Height and Cylinderical Weight of Water, that ſuch an En- 
gine 15 to force up, which is by ſo much the more, in as much 
as the Stroke or Force, and conſequently the Weight of Water 
f double of what any ſingle Engine or Pump ſuſtains and 
orces. 

AN p with the learned Grave ſande, to render the Effect of 
theſe common Pumps the more viſible, let there be a little Pump 
made of Glaſs, in the following Manner, A Big. 3. Tab. ſeg. mult 
be a linder of Glaſs, about an Inch and' a Half Diameter; 
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in the Bottom of it join a Tube of any Length, as C D; Let 


the upper Part of it be ſhut by a leaden Ball, ſo that the Wa- 


ter may not be able to aſcend out of the Cylinder, but may 
eaſily riſe in to it, by raiſing up the Ball which is here made 
ule of inſtead of a Valve; the Piſton is mov'd in the Cylin- 
der AB, which, being ſurrounded with Leather, exactly fits 
its Cavity ; there's a Hole likewiſe in the Piſton, which is like- 
wiſe ſtopt with a Ball of Lead, inſtead of a Valve, ſo that the 
Water may riſe, but not deſcend through the Piſton. 

IN the next Place, you are to puſh down the Piſton to the 
Bottom, and to pour Water into it, to hinder the Paſſage of 
the Air; if the End of the Tube CD be immers'd into Wa- 
ter, and the Piſton be rais'd, the Water will aſcend up into the 
Cylinder A B, from which it cannot deſcend ; wherefore it comes 
up through the Piſton, when it is puſh'd down; and if you riſe 
the Piſton again, the Cylinder is again fill'd with other Water, 
and the firſt Water is rais'd up into the Wooden Cylinder, 
which is join'd to the Glaſs one, from which it runs through 
the Tube G. 

Bor ſince the Effect of all theſe Kinds of Machines depends 


upon the Preſſure of the Atmoſphere, the Water will not riſe 


above 32, 33, or 34 Foot at moſt. 


BuT to ſhew the Nature of this external Preſſure of Air, and 
the Effect it has on artificial Fountains, the ſaid ingenious Au- 


thor has produc'd one from Hero, (a) the Conſtruction and Ef- 
fect of which take as follows. 
LET Fig. 4. Tab. ſeq. be two equal Elliptical Veſſels A B, and 
C D, exactly ſhut on all Sides, and made of any Sort of Metal. 

In each of them there is a Separation paſſing through the 


Center of the Elliplis, which divides the whole Veſſel into two 


equal Parts. 


THz Separation i in the Veſſel D C, is perpendicular to the 
Axis of the Ellipſis, the Separation fg h of the other Veſſel muſt 


be inclin'd to that Axis. 


Tukkk is a Brim made about the upper Part of the Veſſel 


AC B, to make a Baſon. | 

Four Tubes are join'd to theſe Veſſels, the Firſt, op go 
through the Cavity B of the Veſſel A B, without having any 
Communication with it, and deſcends almoſt to the Bottom of 


the Cavity D, and aſcends to the upper Part of the Cavity B, 
but not quite ſo high as to touch the upper Plate of it. The 


Third q r reaches from the lower Part of the Cavity B, Hanes 
. x4 
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to the Bottom of the Cavity C; the Fourth X is made faſt to 
the —_— Part of the Cavity C, and reaches almoſt to the upper 
Part of the Cavity A. 

Laſtly, Tatxt is a Tube S9, which going through the upper 
Plate, is ſolder'd to it, and reaches down ſo deep in the Cavity A, 
that its End & is but a little Way off the Bottom. 

THERE are Cocks join'd to every one of theſe Cavities, or elſe 
they have other Holes that are ſhut up with Screws that have 
Leather on them; the chief Uſe of them is to let out the Water 
very clean from the Cavities, leſt they ſhould grow ruſty when 
the Machine is not in Uſe. 

To come to the Experiment of this artificial Fountain, pour 
in Water thro? the Tube o p, ſo as to fill the Cavity D; and if 
you continue to pour in Water, it will riſe up through the 


Tube t, and then deſcend through qr into the Cavity C, 


which is alſo fill'd, the Air aſcending through X #, and going 
through > y. 

Tuxn the Machine upſide down, opening the Cocks of the Ca- 
vity C and D, the Water will deſcend into the Cavities B and A: 
Having again ſhut the Cocks, as alſo the Hole y of the Tube zy, 
ſet the Machine again the right Side upwards, and pour Water in 
again through the Tube op, till the upper Surface of the Ma- 
chine be cover'd with Water. Now, if the Hole y be opened, the 
Water will ſpout up to almoſt twice the Height of the Machine, 
and the Motion of the Water will continue till the Cavity A be 
emptied with its Water; the Heighth of the Spouting-water will 
continually diminiſh, and at laſt it will be double the Diſtance of 
the Veſſels. 

TE Effect of this Machine is to be attributed to the Compreſ- 
ſion of the Air in the Veſſels; the Preſſure of the Atmoſphere 
at o and , as alſo in the Veſſels is equal, but their Preſſures de- 
ſtroy one another, and therefore are not to be conſidered in the 
Examination of this Machine: When at laſt the Water is pour'd 
into the Tube 0p, it is ſuſtain'd in it by the Preſſure of the Air 
contain'd in the Cavity D, and acting upon the Surface of the 
Water, which ſtands at a ſmall Height in that Cavity; which 
Air therefore is compreſs'd by the Weight of the Water, whoſe 
Height is o, we ſpeak of the Preſſure, by which the Preflure. 
of the Atmoſphere is overcome. 

Tre Air in the upper Part of the Cavity B, communicates 
with the Air abovemention'd, by the Tube 5, and is equally. 
compreis'd, and acts with the fame Force, upon the Surface of 
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the Water in that Cavity: This Preſſure is to be added to the 
Preſſure ariſing from the Height of the Water, in order to 
have the Force by which the Air is compreſs'd in the Cavity C, 
as alſo the upper Part of the Cavity A, by Reaſon of the Com- 
munication through the Tube X#; the Preſſure theretore upon 
the Surface of the Water in that Cavity A, is equal to a Pil- 
lar of Water, whoſe Height is double the Height of the whole 
Machine; and therefore it ſpouts up, as if it was preſs'd by ſuch 
a whole Column; that is, to a Height not much wanting 
from the Height of that whole Column. 

THis Height is continually diminiſh'd, for the Columns of 
Water which compreſs the Air become ſhorter and ſhorter, 
becauſe the Water aſcends in the Cavities C and D; and its 
Height is diminiſh'd in the Cavity B, at the fame Time that 


the Cavity is continually evacuated, and the Water aſcends through 


a greater Space, before it comes to Y ; therefore it is driven to 
a leſs Height than Y. 

ANo thus much of the Deſcription and Theory of this uſe- 
ful Inſtrument: Let us now enquire what is proper to ſet down, 
as to its Ules, and the ſeveral Kinds of them. 

Mons1iEur Ozanan informs us, That Sir Samuel Moreland 
was the firſt who brought this Pump to any Degree of Perte- 
Ction with us; which I take from that French Author, having taken 
great Pains to find out what Sir Samuel has lett on that Head to no 
Purpoſe: But as Ozanan tells us, it was at that Time an In- 
vention which he valued very much; let me explain it in his 
own Words, and make Uſe ot the fame Drafts he has given it 
us in; NOR is the Profile of the Pump, (vid. Fig. 10. Tab. 
ſeg.) the Sucker which is at the Bottom of the Pump LN 
the Piſton, which muſt be a Cylinder of Braſs, exactly turn'd in 
the Lathe, made to riſe and fall in the Midſt of the Cylinder of 
Water, contain'd in the Barrel of the Pump, in ſuch a Manaer, 
that it rubs againſt nothing but a ſmall Circle of Leather, well 
prepar'd and fix'd into a little Hollow at the Top of the Pump, 
on the inſide over againſt ON. Through this Leather the Piſton 
goes up and down, with the greateſt Eaſe imaginable, and without 
any conſiderable Friction; for this Friction and Wear has been 
ſuch, that I have known in Pumps (the Cylinder of which has 
been of Lead) that the Sucker has ſoon, (by the Imperpendicu- 
larity of the Stroke of the Piſton, if I may ſo call it) wore away 
the Sides of the Pump, and render'd it ineffectual. 
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To bring this Engine to Perfection, that ingenious Gentleman 
aſſures us, colt him twelve Years Study, and a great deal of Mo- 
ney; and without this new Invention, it would have been impoſ- 
ſible to have reduc'd the railing of Water to Weight and Meaſure, 
as he had done: ADL is the Rod of the Piſton, upon which are 
llipt Weights, which are between E F and GH, to counterpoiſe 
the Water which is rais'd, and to keep the Piſton upright between 
the two Pulleys B and Ci; VI is the leaden Pipe in which the 
Water riſes, after it has paſs'd through the Sucket I, which hin- 
ders it from falling back into the Barrel of the Pump; and this 
ſeems to be the beſt Method and Foundation for ſingle Forces, 
and from which we may form any Compound Engine, though 
the Pullies may be omitted in all Crank or Leaver Work, &c. 

Tre ſingle Piſton for Pump-work being thus eſtabliſhd, we 
come now to take a View ot what may be faid as to Valves, 

Clacks, Sc. 

All Valves, (as Monſieur Ozanan has it) are not made the 
fame Way, which is the Reaſon they have different Names ; for 
when a Valve is flat like a Board, it is call'd a Clack, and when 
it is round, and goes ſomething tapering (which is by much the 
beſt, inſomuch as the Air and Water in their Paſſage upwards 
has more Power in a hollow Concave, than it has on a flat one, 
to raiſe the ſame) it is call'd a Sucker; and theſe are the moſt in 
Uſe (eſpecially in France) when they have a Tail which comes 
perpendicular out of the Middle of their Convexity, which Tail 
by its Weight draws down the Convex Part, to make it ſtop up 
clole round the Hole, through which the Water paſſes, liſting up 
the Valve when the Piſton 1s rais'd. 

THress Valves are uſeful to ſtop the Water in a Pump, keeping 
it from coming back again, when once it has been rais'd by Means 
of the Piſton C D Fig. 5. Tab. ſeg. which muſt move up and 
down freely in the Barrel AB, and at the ſame Time exactly fill 
it, that the Air may not paſs between, when the Piſton is drawn 
up; and then when the faid Piſton is rais'd, ſince Air can't ſuc- 
ceed in the Place of it, the Clack F will riſe, and give Way for 
the Water to paſs through the Hole, which it ſtop'd before; and 
on the contrary, when you puſh down the Piſton CD, and preſs 
the Water which has been rais'd, the Clack F ſhuts; and ſince 
the Water can't get out that Way, it is forc'd out through the 
Pipe GHI, which communicates with the Body of the Pump; 
however, as the learned and laborious Deſaguiliers, in his Notes 
on Ozanas (from whence-this Account is chiefly extracted) bas 
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it, this Pump would be imperfect, if there were not a Valve 
ſomewhere in G HI, ſuppoſe a little above H, to prevent the 
Water from deſcending, in Caſe of the Failure of a freſh Suc— 
ceſſion, which is otten the Caſe. | 

Or Pumps, they are generally divided into two Kinds, the 
one is known by the Name of the ſucking Pump, or Puwp 
wrought by Suction, and the other a forcing Pump, which is 
effected by the Preſſure of the Piſton, or Piſtons (for in com- 
pound Engines there are ſometimes two, three, or four working 
in different Barrels, to cauſe a perpetual Aſcent of Water) conti— 
nually preſſing upon the Water, and forcing it through a Pipe 
tix'd into the Side of the Pump, as was in the laſt Paragraph 
explain'd. 

Trae firſt of theſe two Pumps, and which is much of the ſame 
Nature as that deſcrib'd by Wallis, and inſerted in the laſt Chap- 
ter, is properly a ſucking Pump, becauſe it draws the Water 
through its own Trunk, where the Piſton or Rod goes down; 
and of one of theſe Kinds, I have ſeen one, at a Perſon's whoſe 
Memory I ſhall always ſpeak of with Honour, the late General 
Webb's, that drew Water near 80 Foot deep, that is, 25 Foot to 
the Clack at the Bottom of the Barrel, and the Rod or Piſton 
about 55. | 

Tas French, as allo we and other Countries, cauſe a Hole to 
be made through ſuch a Piſton, from Bottgm to Top, even from 
D to F, where ry place a Clack, that when the Water is riſen, 
by the raiſing the Piſton (which in ſuch a Pump is called a Bucket, 
done round with us with Leather, as has been before intimated) it 
may ſtill riſe higher when the Bucket is puſh'd down; for it will 
preſs upon the Water under it, which will puſh up the Clack F, 
and run up through the Bucket; and this Clack will immediately 
ſhut again, upon the raiſing of the Bucket, becauſe the Water 
will preſs upon it, and then open as the Piſton is ſunk to make a 
ſecond Quantity of Water (to ſucceed the firſt) and to enter into 
the Body of the Pump (which will at length, and in great Heights, 
and after many Strokes) be fill'd up to the End A, where the Water 
will run out: But to effect this the quicker and better, and to ſet 
the Pump at Work immediately, Men generally fill the Barrel 
with Water; and it muſt be noted, that the Valve or Clack below 
ought to ſhut cloſe, to keep the Water from deſcending down, 
becauſe ſometimes the. Pump may not be uſed for two or three 
Days, and it will be neceſſary to have it always full. 
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To proceed, that the Valve F (vid. Fig. 5. Tab. ſeq.) may 
play freely, the Rod E C of the Bucket muſt be faſtned to it by 
Means of a bended Piece of Iron, as IC H, ſtrangly fix'd to the 
Bucket; and it muſt be noted, that in this and all other Pumps, 
whether ſimple, or compound, that in caſe the Water lies low, 
you may make the Tube E G, which goes into Water 24 or 25 
Foot long at leaſt, for ſo high will the external Preſſure of the At- 
moſphere raiſe the Water of its own Accord; Gallileo and others 
have indeed ſet down, that the Weight of Air will raiſe it 32 or 
33 Foot high, or ſometimes higher; but as that Air does not al- 
ways att with an equal Power, but that Water riſes and ſinks as 
the Barometer does, ſometimes higher, and ſometimes lower; and 
as the Springs very often riſe and fall, ſo that the Tube ma 
not imbibe any Water at all, at leaſt not enough for the Supply 
of this and other Pumps in the Summer Seaſon 24 or 25 Foot 
above the uſual Surface of the Water will do; and it is adviſable 
alſo, to have a ſquare, wooden, or leaden Box, with Holes in it, 
to prevent the Pebles coming into it, laid 5 or 6 Foot lower than 
the uſual Surface of the ſaid Water is; but if it be not above 8 
or 10, or any ſuch like Quantity of Feet to the Water, then 
roy. Way place the Bottom of the Barrel and Clack where you 
pleaſe. | 2 | | 
8 Tris Pump is alſo call'd a lifting Pump, becauſe it raiſes Wa- 
ter by puſhing it upwards: Let AB be the Body of the Pump 
divided into two Parts AK, BI, of which BI muſt be in the 
Water, as alſo the Bucket or Piſton C D, which moves upwards 
in this Part BI, by Means of the Rod F G, fix'd to the Point 
F, round which it moves together with the Piſton C D, and its 
Rod E C, by Means of the Rod G H, Fig. 8. Tab. ſeg. 

Taxes Rod EC of the Piſton CD muſt be a Pipe continued 
in CD quite to D, (vid. Fig. 8. Tab. ſeq.) where it mult 
have a Valve, and there mult be alſo one at O; for if you puſh 
downwards, the Rod G H to make the Piſton CD deſcend, the 
Piſton preſſing upon the Water, will force it into the Pipe E C, 
which will open the Valve at D, ſo that the Water may pals above 
it; then the Weight of the Water will preſs down the Valve, and 
hiader it from going back the ſame Way that it came: So when 
the Piſton CD is rais'd, it will preſs the Water above it, and 
cauſe it to riſe (by lifting up the Clack O) and go into the 
Part A K, where by its Weight it will preſs down the Clack O, 
and remain where it is: Thus will A K be filld by Degrees, 
till at laſt the Water runs out at the upper End A. 
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By Means of this Pump, you may raiſe Water to. a conſide- 
rable Height; but it has one Inconveniency which attends it, 
and that is, that as the Rod F G mult be always in the Water, 
which if it happens to be out of Order, it is hard to mend it: 
Belides, ſince the Rod F G moves circularly about the Point F, 
the Piſton CD cannot rite or fall perpendicularly : For this 
Reaſon, the following Pump, which is rather to be recommen- 
ded, ought to take Place, having nothing troubleſome in it, but 
the Length of its Rod. | 

LET A B for Example be the Body of the Pump, which is 
to ſtand. in Water as far as G H, and let the Piſton C D 
have a Hole through it from D to E, where there muſt be a Clack 
to open when you puſh down the Piſton CD, after you have 
rais'd it, to make the Water come in through the Clack E, 
which opens when you raile the Piſton, and ſhuts when you puſh 
it down, to raiſe the Clack at F, which will give Paſlage to the. 
Water, and then ſhut it ſelf, as ſoon as you raile again the. Piſton 
CD; and the Clack E will open again at the ſame Time, and. 
give Paſſage to the Water, which will afterwards be made to 
riſe through the Clack E, by ſinking the Piſton as before: Thus. 
continuing to raiſe and ſink the Piſton, the Barrel will be fill'd 
with Water, which will at length run out at the upper End 
at A. 


Tavs much of the ſucking and lifting Pump, with the Im- 


provements to be made to it : The ſecond, and indeed the chief 
Pump now remaining, is the Force Pump, fo called, for that 
it does, by the Strength and Force of the Piſton, drive up the 
Water with great Strength to any Height required, when to 
the Rod C E is applied a. Power as great as the Reſiſtance, or, 
in other Words, ſtrong enough to raile the Cylinderical Weight of 
Water, which is in the Pipe H I; and if there be a Clack at I to, 
open and give Paſſage to the Water, when it riſes through HI to 
enter into the Pipe I K, in which it will remain, becauſe its 
Weight keeps down the Clack I, which mult rife again, and give 
Paſſage to a freſh. Quantity of Water, which will riſe. through 
the ſaid Pipe H I, when the Piſton CD is preſs'd down; thus by 


raiſing and finking this Piſton, the Water will continue to aſcend. 


in the Pipe I K, until it goes out at the End K. 

AND this Kind of Pump (eſpecially when it is compounded. 
of other Powers of equal Strength and Force, as ſhall be here. 
after taught) is of the greateſt Uſe, by forcing of Water out of 


the. 
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the deepeſt Profundity, from whence the Ancients could not 
poſſibly raiſe it, by any Art they had. 

HAavinG thus taken a View of the Theory of the Antlia or 
Pump, and its Parts, let us now proceed to the Practice of it, as 
it is tet down by Wallis, and others. 

Ano the firſt Pump I ſhall give an Account of, is the Antlia, 


or ſo much fam'd Pump of Cre/ebzns, as we have it from Wallis, 


Prop. XV. Cap. XIV. of his Mechanicks, though it ſeems to be 
ſomewhat different from the Machine, fo call'd by Vitruvius, 
Lib. 10. Cap. 2. as before hinted at. 

Tuis uſeful Inſtrument, (vid. Fig. 1. Tab. ſeq.) is made of a 
long Piece of Wood ( or of more, if there be Occaſion) cut out 
in the Inſide of a Hollow Cylinderick Manner, and put down into 
a hollow Pit or Pond, the upper Part ſtanding out of the Water, 
and the lower Part within the Surface of the ſaid Pond or Pit; of 
which Water is to be underſtood, that it is not free from the 
Preſſure of the Air, but by its Gravity and Elaſticity ſubject 
tO it. 

SOMEWHERE in the Hollow of the Pump, let there be a croſs 
Bar fix'd, in the Middle of which is the Hole D, through which 
the Water aſcends; and upon this Hole is a Valve or Cover E, 
ſo fix'd, as that it will open or ſhut, according as it is preſs'd from 
above or below : Alſo let there be a Sucket let down from the 
Handle above, ſo fitted to the Sides of the hollow Cylinder, 
that the, inſinuating Air can't poſſibly paſs by the Sides of it, 
which Sucket or Sucker has likewiſe a Hole F in the Middle 
of the Trunk, and fitted in the ſame Manner, with a Valve or 
Clack at G, as E was at D. 

Trese Things being lo fix'd, whilſt the Sucker is drawn up 
and down by the Motion ot the Handle; and when the incum- 
bent Air, by which the Water that is under it is preſs'd into the 
Hollow of the Pump through E and D, and through the Valve 
opening at E, even to the Bottom of the Sucker, but not higher 
than CI, which is the 2 Altitude of the Equilibrium; and 
being free from the Preſſure that is above, and drove on by that 
which is below, and &@ contra, whilſt the Sucker is depreſt 
again by the Motion of the Handle. 

Ir preſſes alſo the Water that is under, that it may aſcend 
through D; for the Valve at E being ſhut by this Depreſſion, 
that at & is open'd, through which the Water (having overtopt 
the Sucker) is retracted again, and then it is, that the Work is 
to be repeated; and the "RE having found its Way en: 
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the opening at H, it there flows out, being ſucceeded again by 
Water riſing again through D, in the Place of the retracted 


Sucker, and that continually. 


Bur if the Altitude C D be greater, or if indeed it be not leſ- 
ſer than CI, in Fig. 1. which Ballance we ſuppoſe comes to 
paſs by the Preſſure of external Air, the Water can't aſcend 


through D, nor can the Water at C be preſs'd any farther, than 
the other Parts A CB, and ſo the whole Labour of the Engine 


would be loſt; but if D be under I, the Water will aſcend through 
D to l, if it is not hindred, even to the Bottom of the Suckers, 


unleſs it be higher than 1; but if the Sucker be drawn up again, 
ſo as that For G overtop the Altitude I, the Sucker having left 
the Bottom, the Water will remain at I, in ſuch a Manner, that 
if the Sucker ſhould draw the Water, which was before at I, 


through F G, the Valve G being ſhut, it will lift up this alſo, and 


pour it out through H. | 
From thence it is (lays a learned Author) that Quick-filver, 


and the Reaſon holds 3 in other Liquids, can't be rais'd by a 


Siphon, Syringe, or Pump, above 29 or 3o Inches, nor Water 


above 33 or 34 Foot, and all other Fluids, according to the Ra-. 


tio or Proportion of their reſpective Gravities ; the Cauſe being 
the ſame in all, namely, that all thoſe Things which ſeem'd 
heretofore to be done by Suction, are truly done by Pulſion, 
ſuppoſe by the Air, or any other Preſſure ; and that there is no- 


thing done by the Sucker, but drawing out the Air, to make Room 


for the Reception of whatever ſhall aſcend by that Preſſure. 


WE have already noted, in Lib. 2. Cap. 10. of this Syſtem, 
this great Miſtake that Mallis, and after him the Reverend Dr. 
Fells and others have labour'd, when they have imagin'd, or 


indeed have rather directly ſet it down as their Opinions, that 


Water could not be rais'd by a Siphon, Syringe, Pump, or any. 
other Inſtrument of that Kind, above 33 or 34 Foot high, when 


it is notoriouſly known, that Water is and may be rais'd, even 


by a ſingle Pump, above 100 Foot, and by Chain-work, &c.. 
from the Depth of 200 or zoo, as whoever will take the Pains, | 


may fee in the fine Buildings and Gardens of the honourable 


George - Doddington . Eſq; one of the Lords of his Majeſty's 


Treaſury. 


ON this Account it is, that I have exhibited the Profile or 
Section of this Pump, Fig. 1. Tab. ſeq. where the inſide Part is 
open, and where the exact Manner ot working it may be diſco- 


ver'd, ſtill allowing what the learned Wallis and ks Followirs 
ave. 
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have ſaid, that Water will not by any natural Means, or in other 
Words, will not, by the Laws of Hydroſtaticks, riſe above 33 or 
34 Foot, or ſcarce to that always, unleſs it be forc'd by the 
continual and repeated Motion of the Piſton in the Pump to 
aſcend. 

Ir has been alſo obſerv'd already, as will be often repeated, 
that Pump-makers generally fix their Clack or Valve D, at 
about 25 Foot above the Surface of the Water, eſteeming that 


the greateſt Height, to which the Water will riſe well, by the 
Preſſure of the Atmoſphere; at leaſt they do ſo for Fear that 


the Water ſhould ſink at any dry Seaſon, (as it often does, 
2, 3,4, or 5 Feet lower than it 1s uſual) and then the Pump will 


be in Danger of being made uſeleſs. 


Tu ſame Members are made uſe of to. compoſe this Pump, 


as are for Pumps of any Kind; but becauſe the Sucker D, which 


is made of Braſs juſt ſo, as to fit the Cylinder of Wood, . 


Lead, Sc. in which it works, muſt be always in the Water; it 


is neceſſary, that the ſaid Sucker have a large Hollow in the 
Middle, and have a Clack at Top as &, through which the aſcen- - 


ding Water may paſs, when the Rod or Piſton, with the Sucker, 


is deſcending; which Clack or Valve will immediately, in its 
Aſcent, lift up the Water higher and higher, till by the Repeti- 
tion of the Stroke, the Water is aſcended to its intended Height - 
at H or I, which may be either more or leſs, as the Length of the 
Rod (to which the Sucket or Sucker, and which is alſo ſometimes - 


call'd the Bucket) 1s. 


Ir may be thought, that this Bucket or Sucker, working 


always in Water, may go very heavy, and that it won't be 


in the Power of a ſingle Man to work it; but we have 


already demonſtrated, that we don't feel the Weight of any 


Bucket, and the Water which is in it, when we draw, till 


it begins to riſe out of the Water, becauſe the Water in the 
Bucket, or that which riſes by it, is of the ſame ſpecifick Gra- 
vity with the reſt of the Water; and tho' this Bucket or Sucker 


be of Braſs, yet as it is very hollow, and not large, the Difference 


from an Equilibrium is but little; and as the Bucket or Sucker 
is hollow on the inſide, by the opening of the Valve or Clack 
therein, upon Depreſſion, the Valve or Clack at FG, is ſhut, and 
the Water forced to aſcend, contrary to its own Nature, to the - 


greateſt Height. 


To conclude what we have to ſay on this Head, if theſe - 


Things can be effected by a ſucking Pump, with much greater 


Eaſe 
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Eaſe will it be done 1r a forcing Pump, as deſcrib'd in the Be- 
ginning of this Chapter, where the Stroke of the Piſton is ſo 
great, that by a double, treble, or quadruple Repetition, as is 
in all compounded Engines, the Water may not only be throw'd 
one, but even 200, oo, or 400 Foot high, as will be more par- 

ticularly ſeen, when we come to treat of compound Engines. 
IT is obſervable in one of the Pumps betore deſcrib'd, the 
ſquare Leads, that Sir Samuel Moreland preſcribes for to hang 
on the Rod or Piſton, can't be us'd; becauſe, as the Piſton 
works always in Water, they will hinder the Aſcent of it up, unleſs 
they are hollow in the Inſide; however, to keep the Piſton 
ſteadily perpendicular, the two Wheels may be made Uſe of 
that are at the Top. I have alſo added a new Sort of Handle, 
which makes the Pump go lo eaſy, as that tho* you draw the 
Water three or fourſcore Foot deep, yet a Child of 10 or 12 
Years old may work it; beſides which the Piſton will move 
thereby more perpendicular, and with more Eaſe between the 
two Wheels, than without them; and all that T have to add 
is, that you load the Bucket or Sucker with Lead, or. other 
Weights, ſo much as that it may deſcend in the Water with 
Pleaſure; it being certain, that in this Sort of Pump it is much 
harder to depreſs than raiſe the Piſton. But to come to a more 
particular Explanation of this Pump, the Valve D is ſuppos'd 
to be 25 Foot above the Surface of the Water, in the Well 
or Pond, which will riſe by the Preſſure of the Atmoſphere, 
to that Height; and over the Hole D there is a Valve, 
E ſo plac'd acroſs, as to open or ſhut, according as it is preſs'd 
from above or below; as alſo a Bucket, at F G, let down 
from above by the Rod or Handle (ſo fitted to the Sides of the 
hollow Cylinder, as that the Air can have no Paſlage between) 
which alſo hath a Hole in the Middle of its Bottom, and a Valve 
at G fitted to it, as hath DE. Things being thus ordered, while 
by moving the Handle the Bucket is drawn up (the Air being 
upon it, and by that Means there will be a leſs Preſſure of Air 
upon the Water below the Bucket) the Water in the Well being 
preſs'd by the ambient Air, will be forc'd up into the Hollow of 
the Pump, through the Hole D (as was mention'd in the laſt 
Kind of Pump) opening the Valve E, as far as the Bottom of 
the Bucket, provided 1t be not higher than I, the Top of the 
Equilibrium, as being free from any Preſſure from above, and 
thruſt up from below; but on the contrary, by turning the Handle 
the other Way, the Bucket is preſs'd down, and preſſes the Water 
Im ne- 
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immediately under it, which aſcends through G D. By this De- 
preſſion E is ſhut, and G opened, through which the Water ha- 
ving got above the Bucket, is drawn up with it; and when it 
is drawn back (the Valve G being ſhut) and finding Paſſage, 
flows out at H, which, as will appear by the Figure, is much 
higher than the Bucket; and that conſequently all the Piſton 
and Bucket mult work always in Water, which in the preceding 
Figure it is not ſuppoſed to do it there, raiſing the Water no 
higher than H, tho' this raiſes it to L or M, as there is Occa- 
ſion: The Bucket of the other does indeed work in the Wa- 
ter; but then its Stroke is but ſhort, and the Rod is but juſt 


immers'd, the ſquare Pieces of Lead hindering its Aſcent any higher. . 


As to the Handle, juſt above, O in the Pillar of the Pump, is 
a Pin, on which the Handle P is fix'd, which moving the Arm 
Q, which is fix'd to the other Handle R, by Rivets at à and 6, 
the upper Handle or Movement Q is fix'd a Pin at A, where 
it gives Motion to the Rod or Piſton; and fo the Bucket G, at 
the Top of which there is a Valve that opens and ſhuts. Note, 


There are Holes at FH, to which you may remove the Arm 


Q, as you ſee Occaſion. 


THis Surface of the Water is ſuppos'd to be from C D to GF, to 
the Height of the Atmoſphere, When Allowance is made for the 


ſinking of Water in dry Weather; and that it may ſpring out- 


haſtily there, even 25 Foot above the ſaid Surface, as has been. 
before noted; and this Kind of Pump is by ſome called the Atmoſ- 
phere. Pump. 

By Means of the Spout L, you may pump up Water into a 
Ciſtern 7 or 8 Foot above the Ground, and the Rod 8 may be 
40, 50, 60, cven to 100 Foot long. 

Tarvus much of the ſingle common Pump; all that IT have to 
add to it 1s, 'That this new invented Handle, which I think makes 
it go much eaſier than the common Way, is to be ſeen at m 
very good Friend's, Borlace Webb Eſq. at Biddeſden Wilts, where: 


they draw their Water above 80 Foot deep, by the Help of this 


Handle only, and that with one fingle Perſon. 

Bur as theſe Pumps are made different Ways, and are ſome- 
times double, treble, and quadruple, I ſhall, in the Courſe of 
the enſuing Treatiſe, ſet down ſome of the belt Sorts J have ſcen or 
read of; and the firſt is a double Pump, as we have it from 
Bockler, Page 35. Fig. 143. (vid. Fig. 2. Tab. ſeq. of this Book) 
and which I am told the York-buildings Company uſe, (though I 
have not ſeen it) which far Cheapneſs, and the Quantity of Wa- 

ter 
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ter it will produce, is of moſt excellent Uſe, and is wrought only 
by two Men. 

THE Piſtons E E are let down into, and ſtrictly fix'd in the 
Concave Tubes D D, and are there mov'd; but ſo that no Air can 
pals by the Sides of the Piſtons, into thoſe Tubes; the Croſs- beam 
Mark BB is alſo faſtned into the Poſt A, and moy'd on a Pin 
key'd into the Middle thereof, at C, from the Motion of which 
the Valves or Clacks at F E, open and ſhut, and produce the ſame 
Effects, as in other Pumps. 

Trae next Pumps I ſhall produce are taken from an Italian Au- 
thor of great Repute in Machines, the one is a double Pump, 
drove by a Man going in a Tread-wheel, which giving Motion to 
the two Cranks G G. by the Rotation of the Axle-tree H F, fixt 
as they are in the Frame of Wood I. I. gives Motion to the two 
Piſtons EE, which deſcend alternately, and either lift up the Wa- 
ter by the Means of the Clacks and Valves BCD, the Water en- 
tring in at the Arches A. A. 

Tk chief Things which I have to oblerve from this Draſt, is 
the great Care this Italian Author has taken to make theſe two 
Piſtons fall perpendicularly, by framing them into two ſquare thick 
Boards at h. H. and the Reader will ealily diſcern, that by Means 
of the Rings EE, in which the Cranks G G work, are deſign'd 
to facilitate that perpendicular Stroke; this Figure is ſeen in the 
following Table. 

Tu next double Pump I ſhall Figure out and deſcribe, is taken 
from the ſame Author, where is figur'd a Man ftanding (at QQ.) 
upon a Frame of Wood, and there being a Center at R, where- 
on there is fix*'d a Vectis or Leaver, at each End of which there is 
a great Weight fix'd, mark'd S. S. which counterpoile each other, 
and are of a Weight ſufficient to force the Water up through the 
Elm or Lead Pipes AA; fo that by the alternate Motion of the 
Man on QQ, and the Center E, the two Piſtons T T ſucceed each 
other in Preſſure downwards, and Aſcent upwards, forcing up 
Water in the Coffer B, where there is Buoy ; which Coffer is tix'd 
on the Frame H, and lies ſloping for the Water to run out, with 
the greater Pleaſure into the Ciſtern K. 

Ir appearing by the Draft, that the Water is rais'd but a little 
Way, I take Notice, that that was an Imperfection in the Italian 
Author's drawing, which I was not willing to alter; but *tis very 
certain, that this Pump, be it either us'd by Way of Suction or 
Preſſure, will raiſe the Water as high, and with as much Eaſe, as 
any of the Pumps yet mention'd: So that ſuppoſing you ow 
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DD to be 25 Foot, the leaſt Height of the Atmoſphere, the 
Frame HH, on which is fix d the Coffer B, may be plac'd at any 
Height you pleaſe, even to 100 Foot, provided the Piſtons TT 
be of that Length ; but then it will be a conſiderable Time at the 
firſt pumping, before the Water arrive into the Coffer. 

I have another Thing alſo to obſerve, which is, that there is 
at QQ, and all along the Piece whereon the Man treads, an open 
Grove for the Piſton I T to work in, which going through the 
Top of the Coffer at M M, maintains a conſtant perpendicular 
Stroke, Which is what all our Engincers, y Methods ſometimes 
very ſhocking, endeavour to do, to make the Piſtons fall perpen- 
dicularly, and to prevent that Friction, which is almoſt unavoidable, 
in molt Kinds of Movements in Pump Work. 

I might in this Place have added a great Number of other Kinds 
of Pumps, which are us'd in Ezg/and; but that I find this Volume 
is ſwelling beyond its intended Bulk; fo that I ſhall deſiſt ſaying 
any more, except I do it in the Notes adjoining to this Book. 


SO CU AT OC OY 
EH RH AH EN EDA HILESHAD YRS YCEDTMKDY KS EH 
CHAT MXATY; 


Of the Cnalin-Puny. 


Might, from Bockler and others, have produc'd almoſt 
Fey an infinite Number of Drafts of Engines, which 
are plac'd under the Terms of Budromia, Hydrotech- 
nema, Sc. the firſt ſignifying the Methods of railing 
Water by Buckets, and the other by Globes, or Fi- 

— gures of any other regular Shape, fix'd to a Rope, 
which Rope being faſtned at each End, and paſſing through an Elin 


or other Pipe, which reaches from the Bottom of a Well to the 
Height to which the Water is to be convey'd, brings up the Water 
along with it; but theſe Kinds of Engines being out of Date, I 
{hall paſs over them, and confine my {elf to two Sorts of Engines 
only, which are reducible to this Head; the firſt is the Chain Pump 
of De Caus, from which it may be ſuppoſed, the Reverend Mr. 
8 f 1 Holland 
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Holland firſt took his Model. And the laſt is a Chain Bucket 
Pump, the excellent Invention of a poor honeſt Countryman of 
our own, I mean Mr. George Gerves, whole Engine I think very 
juſtly excels any Thing of this Kind ever yet invented. 

TH: Deſcription of the firſt Pump is found in the Eugliſh Editi- 
on of De Caus's forcible Movements, Page 34. Fig. 25. What he 
recommends in it to be of great Advantage, is, that the Forces 
riſe and fall perpendicularly in their Barrels. It is (ſays he) eaſy 
to comprehend by the Figure (vide Plate 16. Page 316.) that there 
are four Places in the Arbor, which are hollowed or channell'd, and 
ia the Half of the Channels there are Pinns AE, encountering with 
Pinns which are in P H, which make them to aſcend and deſcend, 
and in deſcending, they raiſe one without hindering the other, or 
being hindred by any other Pians, which are in the Roll mark'd 
P H, becauſe they paſs by the void Place of the Channel, or rather 
Collar mark'd D D, CC, by Means ot the Chain and Pully K K: 
And ſo they riſe and fall each in his Turn, and force the Water with 
great Violence to fifty or ſixty Foot, and ſome to one, two, or three 
Hundred, as Occaſion requires; and this Machine may be made to 
go, either by a Horſe or Horſes, or by Water; but being heavy, 
Wes a great Force to be applied to it. 

have ſeen that of the Honourable George Dodington Eſq. at 
Gundille, Dorſet; as alſo that of his Grace the Duke of Yurensberry, 
at Amesbury, Wilts, with Works of the fame Kind at other Places; 
but there is ſuch a vaſt Quantity of Timber Work, and the Mach ne 
goes ſo very heavy, is ſo noiſy, and ſo apt to be out of Order, that 
I thought it not proper to make any more Obſervations about it. 

THEKkE are of theſe Chain Pumps in the curious Collection of the 
Right Honourable the Earl of [/ay, that have 6 or 8 Piſtons to an 
Engine, but four is I think generally ſufficient, which is all I have 
to add to this Engine. The laſt Rope or Chain-Engine I am to 
mention in courſe, is that lately invented by Mr. George Gerves, at 
Sir John Cheſter's at Chichley in Buckinghamſhire, which for its 
Curiouſneſs and Uſes, and going with leis Water, is allow'd to ex- 
cced any Machine yet invented. Vide Plate 17. Page 316. 

I ſhall not take upon me to give a particular Deſcription of this 
Engine, tho' I have had it ſeveral Times in my Hands; becauſe I 
am unwilling to anticipate the Account of it, juſt now a publiſhing 
by the Inventor himſelf. 

I x general, it is, and may be called a multiplying Wheel Bucket 
Engine, which moves continually by a ſmall Fall of Water, 
without the Help of any Man, Water, Wheel, Wind, or Fire, 


purely 


„ 5 3 a 


* LE _—_ 
— — 2 2 * * C A. < 
* e SIA - — — . a . —— 
3 . - — — - . — 34 . — 29 * * = 
* 
* 
* 
* 
* 
* 
. 
£ - 
* 
1 7 22 o 4 : 4 
* g F N 4 * 4 1 oh a 
* "x8 - 2 * 2 1 9 4 3 , 
* — 3 * * 5 C 2 |" * * =" Is 7 p a — 
a, ES a 4 3 l : _ 
. * 7 . i a ” 


— 
4 
— 
* 
Wi: 
— 
% _ . 
- 
eZ IEEE IE ZZ ED 
AEEELIEEEETEESED EEE EE EEE EE EE EEE ECT "TE TEX LEE 4+ i 
ww + ++: 7222 * 
OY: 922 3H Tay 
43+ 4 * 
3 
. 
- 
* 
* 
* 
P 
* 
* * 
- 
Pp MN 
8 


of Hydroſtaticks and Hydraulicks. 375 


purely by a Mechanical Force, founded on the Principles of the State- 
ra Romana, or Steel-yard : For as the Water runs from the Spring A, 
by the prick'd Lines B, into the Ciſtern C, there the two Buckets 
D D meet, and are fill'd at one and the fame Time; and the lower 
or larger Bucket D being ſeveral times heavier than the upper or 
{maller one, preponderates and raiſes it up to a Ciſtern ſomewhere 
behind at N; and at the ſame Time that the little Bucket empties 
it ſelf above, on” wy one does the fame at E, the Water whereof 
goes out at the Waſte F. And by this it is evident, that as the great 
Whecl at the Top mark'd Q, is proportionably larger than the Di— 
ameter of the ſmall Wheel on which the great Bucket runs P; 
ſo the great Bucket holds ſo many times as much as the ſmall one, 
which makes it to preponderate and raiſe the ſmall one. And 
again, when they are both empty, the imall Bucket being upon 
the large Wheel Q, being ſuſpended on a Fulcrum or Prop, which 
I call the Axis O, by the Laws of mechanical Gravitation ſinks 
down, and raiſes up the great Bucket now emptied of Water, in 
order to their meeting to fill again the Ciſtern C. 

IT has been already intimated, that an Attempt will not be made at 
a full Deſcription of this excellent Machine, which is regulated or 
bridled above by ſeveral Works towards the Top; and 1 only add, 
that Mr. Gerves has of late ſo conſiderably improv'd his Notions in 
this kind of Work, that he omits ſeveral of the Members of which 
it is now compos'd ; to uſe the Words of the ingenious Mr. Henry 
Beighton, FR S. the Motion is fo quiet and ſteady, and there is ſo lit- 
tle Friction in it, that it is likely to continue an Age without any 
Repair, and to be of the greateſt Uſe in railing of large Quantities of 
Water to any great Height (according to the Current or Fall that 
gives it Motion) for the Supply of Noblemen or Gentlemens Seats. 
And I add, that as there is no Engine that I ever ſaw, which ap- 
pears to me by the Model to go eaſier and quicker; fo there is none 
that can go with ſo little an Expence of Water as this will, and 
will indeed do where no other Engine (let the Movement be what 
it will) can: Evena Straw full of Water will do it, the Motion 
only being the more leiſurely, in Proportion to the Quantity of 
Water which ſupplies it. 

To be more plain, if the Spring is very ſmall, the two Buckets 
which fill at one and the ſame Time together, may be two or three 
Minutes, more or leſs, a filling; where, if it be a ſtrong Spring, it 
may fill in half an one, or leſs, but {till they will fill; and aſſoon as 
they are full, be it at more or leſs Diſtance of Time, they will both 
begin their Journeys, one aſcending, and the other deſcending. 
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I have not had Time to make any particular Computations of the 
Quantities of Water this Machine will raiſe, tho' it is plain by Inſpec- 
tion, that not above two Thirds of the Water at moſt runs'to Waſte, 
and that if there bean half Inch Pipe of Water running from the Con- 
duit A, yet the Machine will be always in Action ; only whilſt the 
two Buckets are filling, it ſtands ſtill; and one may dare to challenge 
any Engine or Machine that was ever made, to go with ſo little Wa- 
ter as that of two Thirds of an halt Inch Pipe, fince there is no 
Spring, where or howlſoever ſituated, but will work it: And there 
is this to be ſaid more, that for every Foot Fall you have from the 
Ciſtern C, to the Waſte B, juſt ſo many times 6 Foot high will it 
raiſe the Water to the Ciſtern it is to be emptied at, at N. Suppo- 
ſing then that in Plate the 17th, the Fall to be 6 Foot, the Water 
will be rais'd near 30 by this Engine. But a more exact Account 
wy in a little Time be publiſh'd by the ingenious Inventor him- 
elf. 

I now go on to Chap. 25. L is the Plan of the Houſe, where the 
Engine is plac'd, K K is the Roof, R Rare Windows lighting the 
Engine. 
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CHAP XXV. 
Of Crank Work, and of regulating Engines. 


9 Wa quadruple Pumps. Bockler in his Theatro Machina- 
en, and a great many other Authors, have given 

= the Profiles and Deſcription of ſeveral Kinds of them, 
ſome of which I intended to have inſerted in this Place, but that I 
had not Room, this Voluma beginning to ſwell beyond its firſt 
Intent. The Cochlea Quadruplex that Bockler makes mention of 
Page 29. Fig. 92. and which, he ſays, is to be found ui ** 
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de Mineralium Fodinis, Fol. 145. ſeems to me to be the beſt of 
any that I ever faw in Machines of this Make: But as theſe Kinds of 
Engines are now intirely out of Uſe, and in as much as it is 1mpol- 
ſible the Piltons ſhould deſcend well, without the Regulation, but 
of late invented, I paſs on to the Regulator and Crank Work, com- 
pounded or mix'd as they are together, and without which neither 
of them can work well. 

No w ſome of theſe Regulators are often plac'd horizontally on the 
Top of a Frame of Wood, or a Poſt ſuch as are thoſe of Bleube im, 
London Bridge, &c. and then the Thruſt of the Water into the Pipes, 
is the ſame as in all perpendicular Pumps; but there are ſome others, 
the Thruſt whereot is horizontal, and the Regulators perpendicular, 
as in the following Plate 18. Fig. 1. Some Engines there arc, that be- 
{ides the great Wheel which the Water drives, have alſo little Wheel, 
that gives Motion to the Crank and Leaver Work; ſuch is the En- 
gine that 3 to the Merchants Water-works in St. Martin's 
Lane, the London Bridge Machine, &c. of all which Specimens wall 
be found in the Courſe of this Treatiſe. 

Tre firſt Engine then that I ſhall produce, is one where the Regula- 
tots ſtand perpendicular, and where the Thruſt is horizontal, being 
an old Engine that has been ſome Years erected in the County of 
Surry, and is, in my humble Opinion, as little liable ro Friction, as 
any Engine already, or to be produc'd: And the Thruſt being ho- 
rizontal, the Water in the Pipes is ſubject to leſs Friction allo than 
if the Thruſt was perpendicular. 

AAA (Fig. 1. Plate 19.) are the Frames of Wood wherein 
the Axlc-tree, and Cranks B B run, C are the Floats of the Wheel, 
which dipping into, and being drove by the Water, gives Motion 


to the whole Wheel; the Pieces of Wood by D, E, F, arc the Re- 
gularors 114'd imd a Bottom Zill at O, O, O. I, H, G, the Iron Rods 


which go into the Piſtons, and which drive the Water thro? 
the Pipes K, L, M, until the Water arrives into the Coffer N. 
From whence, by the Repetition of the Strokes of the Rods, and 
the continual Acceſſion of more Water, it enters into the Pipe Q. 
Fig. 2. Plate 18th, is a larger open Section of the Rods, Pipes, 
Sc. beforemention'd, repreſented by Fig. 3, 4, 5. at which Places 
are Joints by which the Rods rife and fall (to prevent the Friction 
of the Piſtons 4, a, a, which are laid open in the diſſected Pipes 


6,6,6) in the Coffer mark'd 10, there are little Valves, mark'd 6, 


7, 8, which open and ſhut at the Approach or Retirement (if I may 
fo expreſs my ſelf) of the Piſtons 2, @, a, to keep the Water from 
re verting back this Coffer, tho? drawn open here, to ſhew the 


littl 
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little Valves before-mention'd, are cover'd, as are ſeen at N (in F 7% 1. 
Plate 18.) Prædict. and at No. 9. Fig. 2. is another Valve, to pre- 
vent the Water's returning back again, but to cauſe it, by a freſh Ac- 
ceſſion, to aſcend the large Pipe thro? No 11. 

THe Manner of the Rods being fix'd into the Piſtons , 4, a, as 
meation'd in the laſt Paragraph, is ſeen in Fig. 3. Plate 18. where 
d is the Rod, and à the Joint; which Piſton having a Notch (as 
from & toe) the Rod has the Liberty of riſing or falling, as the 
Aſcent or Deſcent of the Cranks and Regulators force it. 

Tars Engine, I fay, is ſubject to as little Friction, as any Engine 
of this Kind I have ever ſeen; for whoever will but be at the Pains 
of coming to ſee the Perpendicular Stroke Forcers we have on 
this Side the Water, at Mr. Kent's, the great Still-houſe at Vaux- 
hall, will ſee how much thoſe Engineers have endeavour'd to de- 
tend their Forcers againſt Friction. But of this more hereafter. 
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CHAP. XXVL 


Of the Crank-Work, vibrating Leaver, and complicated 
or treble Wheel Engine for raiſing Water. 


Nate 19. Page 2,20. is the Plan and Perſpective of the 
il 74 Merchants Watci-Work Engine at 7 07's Coftee-houſe 
1 in St. Martin's Lane, which I inſert in this Place, 

M84] becauſe it is preparatory to the Deſign of the Lon- 

aon Bridge Engine; which by the Nature of the Work 

—2== {ems to be done by one and the fame Hand, there be- 
ing only this Difference, that this is an Over-ſhor, and that an Un- 
der-ſhot Wheel. Fig. 1. is the Plan, whereof A A is the Extremity 
of the great Wheel turning upon the Axis B B, C is the Spur Wheel 
turning the Cogg Wheel D, which by its Rotation gives Motion to 
the Cranks F F FE, and they contequently to the Regulators or Leavers 
E E E, and the three Rods and Piſtons mark'd g g g, which turn 
on the Iron Pins or Axis at 4; all which is effected by the Preſſure 
of that little Water which comes out of the Pipe or Trough at I 

vid. 
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vid. Fig. 2. Tab. prædict. where the Fixation of the Leavers is vi- 
fibly ſeen to be in the Frame of Wood at K. 

The Shape and Poſition of the Wheels are the ſame as in the 
London Bridge Engine, which follows, but the Floars or Boxes are 
ſer cloſer and nearer together, on Account of the {mall Quantity of 
Water which is to drive the Wheel; and here it is viſible, what a 
ſmall Quantity of Water will drive an Over-ſhot, over what will 
drive an Under-{hot Wheel. 


Turk is another Thing which I would obſerve in this Place, 


and that is as to the Number of Forcers which are needful in an En- 


gine. Doubtleſs when theſe Kinds of Machines were firſt erected, 


there was but one Forcer, then the Number was augmented to two, 
and lately they are {till encreas'd to three or tour, tho* on Account 
of the Intermiſſion of the Strokes, which, together with the Fricti- 
on that is in the Pipes, and the Interruption and Interpoſition of 


the Air, us'd to be the Occaſion that the Water would not (eſpeci- 
ally in great Lengrhs) iſſue out of the Ends of the Pipes regularly, 


but only alternately, and in Gulps. 
WHaTEver the Proportion of theſe Piſtons be, it is 1 
ſuppoſed by the beſt Workmen, that three Piſtons are ſu 


Pipe ot Conduct. 


LLL are the Piſtons, m2 m 9 the Barrels or Pipes where they 


work, and NN N the Repreſentation of the Clacks or Valves. 


N. B. In t is Place I muſt remark a Miſtake of the Engraver, 


who has in Fig. 1. Patel. ſhew'd the Cranks F F E, as it they 
work'd above the Leavers EEE, when in truth they work under 
them, as may be ſeen in Fig. 2d. and Leavers m u. 

Tas next Crank Work Engine I ſhall produce, is the Plan and 
Perſpective of one Part of London briage, which for Curiouineſs 
of Contrivance, the Length of Time it has went, without any 
other than very neceſſary Repairs, and che great Quantity o Water it 
throws up towards the Supply of that great Metropolis, may (Al- 


lowance being made for the Difference there is in the Number of 


Piſtons that are in the one and the other) be well a Parallel, it not 


an Excecdi.ig, to that great Engine of Marley itſelt, and which: 


(as ir has not as yet been produc'd in publick) will not, I humbly 
hope, be unacceptabſe to rhe judicious Reader, being, as 1 am toid, the 
Work of one Mr. Horocold, a very good Engineer, in the Reign ot King 


Charles or King James the IId. Whether he had any Aſſiitauce — 
3 r 


cient to 
maintain a conſtant Stream, rho” in very large Pipes of Conduct, 
ſuch as thoſe of London Bridge are; and where it is requir'd to 
raiſe a great Quantity of Water, they allow four Piſtons to one 
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Sir Samuet-Morland, or any of the Great Men of thoſe Times, I 
have not been able to learn. 


A Deſcription of the Plan, Vid. Plate 20. Page 320. 


A A is the Plan of the great W heel. 

B B is the main Axletree on which the Wheel is fram'd, and 1, /, 
the Spindles, which from the Rotation or Movement of the Wheel 
give Motion to the Spur Wheels cc, and thoſe by the Movement 
of that to the other 4 Wheels mark'd x x x x, which Wheels x x » x 
turn the Cranks e eee, two of which at each Work are going up, 
whilſt the other are going down ; and this gives Motion to the Lea- 
vers FF f Fon each Side the great Wheel, G c. and cauſes the Piſtons 
£2g8F at each Quarter to have an alternate Aſcent and Deſcent in 
forcing up the Water thro' the Pipes z z, coming out at Hh h h, 
and conveying it from thence to a proper Reſervorr or Reſervorrs 
tor the furniſhing the City. 

Tuk Frames of Wood & &, Sc. are for all the Wheels to turn 
upon, as 1711 before-mention'd, are the Iron Axis's, on which they 
turn; and here it is remarkable, that the two Wheels c c, whether 
by accidental or natural Contrivance of the Wheel, or by Delign, is 
not material; but by Means of it, the Water is thrown over the 
Wheels x x x x, into the Axis or Spindle of the little Wheels, 
keeping them continually moilt. 


A Deſtription of the Perſpective of the London Bridge Engine, 
Plate 21, Page 320. 


In this Draught, at one Side View, is ſeen the Grand Wheel of 
the Engine, with the Regulators or Leavers ; the firſt is mark'd 
A. A. the others B B. at each of which are the Regulators or Lea- 
vers, which from the Rotation of the Spur Wheels c, give Mo- 
tion to the Cog-Wheels DDD D, and they again to the Iron 
Rods, mark'd altogether E at both Ends. By this 

FF F FE, containing 4 Piſtons at every Quarter, are all moving 
up and down alternately in the Pipes GGGG, the Suckets, 
which are a little below, {till opening and ſhutting, as the working 
of the Engine requires. 


And with this I ſhall finiſh what I have to ſay as to the complica- 


ted treble Wheel Engine; I now proceed to the ſingle Wheel Crank, 
and vibrating Leaver, as uſed by Mr. Alderſea in the Water Works 
of Woodſtock, Shrewsbury, and other Places. 1 
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CHAP. XXVII. 


Of the Vibrating Leaver and Crank-VWork Engine, with 
a ſingle Wheel only, to give them Motion: 


ae HE vibrating Leaver and Crank-Work Engine, wi:h 
Da Spur and Cog-Wheel, ſuch as is at the Merchants 
Water-Works, and at London Bridge, being thus 
Ui accounted for and explain'd, the next Engine to 
be produc'd, is one of thoſe invented by Mr. Al- 

— derſea, who, though a Dry Salter by Proteſſion, was 
at that Time allow'd to be ſo curious an Engineer, that he was, 
amongſt other Works of that Kind, employ'd by his Grace the 
Duke of Marlborough, at his fine Seat of Woodſtock, the Plan and 
PerſpeCtive of which Machine follows in one of the next Plates, 
which I produce, in as much as it has given Riſe to ſeveral other 
curious Engines of this Kind. 

Tris Ingenious Gentleman, conſidering the great Friction that 
was in the Multiplication of the Spur and Cog-Wheel; which 
tho' uſeful in the raiſing of great Weights, where there was a 
moving Force of equal Strength apply'd to it; yet in Engines for 
raiſing Water, eſpecially where the Stream which was to play it, 
ſhould not be very ſtrong, the Friction of the Wheels was ſo great, 
as to retard rather, than accelerate their Motion ; this put him 
upon taking away the Spur and Cog-Wheel, and depending entirely 
on the main Wheel tor the turning the Cranks, and by poiling the 
Regulators and Leavers in ſuch a Manner, as that the Work might 
go with a leſs Shock than it us'd otherwiſe to go: How well he has 
{ucceeded, let any one that ever ſaw that little Engine of 2/ezhe:m, 
({upply*d as it is by a very ſmall Stream of Water) determine: 
The Deſcription of which now follows, viz. Plate 22. Page 324. 

A repreſents the Stream of Water that plays the Engine. 
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BBB the Thorough or Trough, which conveys the Water upon 
the Top of the Wheel C C into ſeveral Boxes, made ſomewhat like 
a Roman Figure of V turn'd a little lloping, which having puſh'd on 
the {aid Wheel, is delivered into a Waſte or Tail Water DD D, 
which runs thro? one of the ſmall Arches or Bridge next to Mo/a- 
mond's Bower. 

Tatxxre are but three Cranks on a Side, and the having of double 
Works (vig. three of a Side) is that in Caſe any of the Cranks in 
one Side are broke, the other may be us'd, which is either faſtned 


to, or looſen'd from the Wheel by a Collar pull'd oft or put on 


at ff. 

Tus little Letters 444 aaa, are the Keys to the vibrating Lea- 
vers, which reſt on the Fulcrum or Prop on which they move by 
the Rotation of the Wheel CC; which turning the Cranks mark'd 
QQQ QQ Q), move the Leavers CCC, Sc. 

THe Piitons which are thereby agitated, and put into Motion, 
and which are well known by the Marks OOO OOO on each 
End, Sc. forces the Water out of the Coffer ryrr, 77 7, ſituate as 
they are at each End, from whence pals Pipes, which are in the 
Plan unſeen, under one of the Stair-Cales S 8, up thro' the Bridge, 
to the Ciſtern on the Top of the Offices. 

TTT T are Paſſages round, and in the Front of the Engine, 
to view it and come at it, to keep it clean from the upper Part 
T2 T2, is as high as the Top of the Wheel, which is ſeven Foot 
and an halt Diameter, and is play'd by as little Water as any En- 
gine of this Kind can be; the little Marks 0000000, Sc. are the 
Foundations of a Grillade of Iron Work made to keep any Body 
that aſcends the Stairs, and goes to pull up the Sluice at B from fal- 
ling upon the Engine; and ſomewhere in the Coffers near Z, 
are Boy Cocks, being hollow Balls of Copper, which riſe or fall, 
according as the Water in the Coffers rr, Sc. do; fo that when 
the Coffers are Brim-tull, and like to run over, thoſe Boy Cocks 
ſhut cloſe, and admit of no more Water to make a Wetneſs or 
Dirt in the Engine Houle. 

THzxs are Pipes which come from the Stream A, thro? the 
Wall by B, which ſupply the ſaid Coffers with all common Water: 
But there was a Deſign, whether perfected or no, I am not certain, 
to fill one of the Coffers, (v:z.) that next x, with fine Water 


from Roſamond's Well, which lies within about 1co Yards of that 


Place. 
I have been the moreparticular in my Account of this Engine, 
having had the Plcaſure of converſing much with Mr. Alder ſea the 
. curl 
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curious Contriver, and ſhould be ſorry, if from the Length of 
Time, and the faint Memorandums I now have of this curious 
Piece, it be not the molt perfect; tho' I think, and am pretty 
ſure, that there is nothing very material omitted in it: And in 
Behalf of the Engine, it may be truly ſaid, tho? perhaps there have 
been ſeveral Engineers, who have ſince improv'd upon it; yet, as 
it is the eaſieſt Piece, going (comparatively ſpeaking) with as little 
Noiſe as a Watch or Clock; fo Mr. Alder ſea (tho? he has long left Art 
behind him) deſerves the juſt Applauſe of all honeſt ingenious Men. 

THERE is one Thing which I ſee liable to an Objection, which 
is that the Fulcrum or Prop, which is noted by the Marks à a a, 
is not in the Middle of the Leavers, which, if my Memorandums 
fail me not, is Fact in the Execution of it; but if it be an Error, 
it is ſuch a one as I could not, during the Hurry of Buſineſs, and 
little Time, I have had, correct; which is all I have to add in this 


Place, only that Y V XX, Sc. is the Foundation of the Walls en- 
compaſſing the Work. 


A Deſcription of the new Part of the Chelſea Water-IWork Engine. 
Vide Plate 23. Page 324. 


T omit the old Work, becauſe it is ſo near the Model of the Spur 
and Cog-Wheel at London Bridge, and confine my ſelf to one Part 
only of the New; which was lait erected, being, as it is ſaid, the In- 
vention of the late ingenious Mr. Row!7ey, and others, and which 
is made nearly reſembling the little Model, which ſtands in the 
Houle firlt erected, only in that there are five Piſtons, and in the 
erected Work but tour. 

Tur the Engineers (whoever they were) proceeded upon the 
ſame Model as Mr. Alder ſea did at Blenheim, contining themſelves to 
a ſingle Wheel and Cranks only, I need but juſt repeat; and that this 
new way of working goes ealicr, and 1s better at low Water than the 
old, Experience teaches; for tho' by the Number of Wheels, and the 
Nature of complicated Work, the old Work goes quicker at high 
Water than the other, the Rotation of the great Wheel moving the 
Spur and Cog-Wheel with great Celerity; yet the ſingle Wheel, 
when unloaded of the Weight of the Tail Water, goes much quicker 
and eaſier than the other, which is much impeded by the Friction 
of one Wheel againſt another; an Obſtruction ſo great, that were 
not the Quantity and Preſſure of the Water almoſt invincible, it 
would not have its due Effect. 
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NEveR THELESs, tho' a great many Arguments may be produc'd 
for the new way of working, where the Tail of the Wheel is 
clear'd by a quick Paſſage of the Water from its Tail; yet I can't 
but ſay, that for an Engine continually working in the Water, as 
that of London Bridge does, the Addition of the Spur and Cog- 
Wheel is the Beſt for the Reaſons before hinted at. This being pre- 
mis'd, let the Deſcription of the Engine follow. 

A, Fig. 1. Plate 23. is the Trough from which the Water, 
by the pulling up a Sluice there, falls under the Paſſage or 
Gang-way on the Wheel B BB, the waſte Water goes off at C into 
the River Thames, the Diameter of the Wheel is 24 Foot, and 
about 5 or 6 Foot wide, and the Surface, or general Height of the 
Water in the largeſt Mill Pond or Ponds, which the induſtrious Un- 
dertakers have in all the low Meadows ſo judiciouſly made—, is 
eight Foot ; which Water falling on the Bottom of the Wheel at 
B, No. 1. gives ſuch a Thruſt, as muſt, comparatively ſpeaking, 
move a Mountain. How much that Weight 1s, has been already 
demonſtrated. 

Fox the farther Demonſtration of this Engine, let it be added, 
that the Leavers a 444, Sc. are about 23 Foot in Length, which 
by the Movement of the Cranks 4456, have a vibrating Motion 
turn'd as they are on the Fulcrum or Props at 0000; cc are the 
Places where the four Piſtons which force the Water up, are fix'd, 
which being fix'd into thoſe largeſt Places, and have a Joint a little 
below it in the Rod, gives Way, and prevents that Friction that 
would otherwiſe be in the Barrels below. | 

Near to 4K, &c. at each End, are the two Engine Trees, 
which having Pipes that come ſloping to them from the Coffers or 
Boxes where the Piſtons work, the Water takes its Courſe into the 
Pipe / 4, thro' which it is flung up thro' the main Pipe, into any 
Place aſſign'd. 

NN are paſſages or Gang- ways to go round the Engine, to mend 
it, to make Fires to keep it from freezing, and the like. 

Tux Perſpective, Fig. 2d. Tab. Prædict. is fo plain, that it needs 
no further Explanation than its own View, only at 24 4a are the 
Joints in the Rods, which are made to give Play to theſe, and 
were there little Rowls or Wheels in the Channels or Mortiſſes 
above, it would {till help to prevent the Friction that is almoſt un- 


avoidable in the Fall of the Piſtons, I fay, almoſt unavoidable.; 


for as thc Regulators muſt of Neceſſity move upon one Axis or 
Center at 0000, their Vibration muſt be circular, and their Fall 
not exactly perpendicular. 
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DESDEQDE ODE SIE SOIC IRENE OOEs 


CHAP, XXVIII. 
Of the Engine for raiſing Water by Fire. 


Commiſſioners of the Sick and Wounded. 


THis Gentleman's Thoughts (as appears by a Preface of his to a 


little Book entituled, The Miner's Friend) were always imployed 
in Hydroſtaticks or Hydraulicks, or in the Improvement of Water- 
Works; and the firſt Hint from which it is ſaid he took this Engine, 
was from a Tobacco Pipe, which he immers'd to waſh or cool it, 
as is ſometimes done; he diſcover'd by the Rareſaction of the Air in 
the Tube by the Heat or Steam of the Water, and the Gravitation or 
Impulſe of the exterior Air, that the Water was made to ſpring thro* 
the Tube of the Pipe in a wonderful ſurpriſing Manner; tho' others 
ſay, that the learned Marquiſs of Worceſter in his Century of Ju- 
vention (which Book I have not ſeen) ſee Page 68. gave the firft 
Hint for this raiſing Water by Fire. 

Ix was a conſiderable Time before this curious Perſon, who has 
been to great an Honour to his Country, could (as he himſelf tells 
us) bring this his Deſign to Perfection, on Account of the Auk- 


Wardneſs of the Workmen, who were neceſſarily to be imploy'd in 
the Affair; but at laſt he conquer'd all Difficulties, and procur'd'a 


Recommendation of it from the Royal Society in Tranſac. No. 252. 
and ſoon after, a Patent trom th: Crown, for the ſole making this 
Engine; and I have heard him ſay my ſelf, that the very firſt Time 


he play'd, it was in a Potter' Hou.c at Lawberh, where tho? it was 
| 4 — 1 
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a ſmall Engine, yet it forc'd its Way thro” the Roof, and ſtruck up 
the Tiles in a Manner that ſurpris'd all the Spectators. 

ABouT the Year 1599, he wrote a ſmall Pamphlet or Treatiſe 
concerning this Engine which I have juſt now mention'd, wherein 
he has exhibited a Draught of it, (which, with its Improvements, is 
to be found in the next Plate) as allo, a particular Deſcription of 
its Uſes, which will follow in this Chapter: But as that conſiſted 
of a double Receiver, and a great many Particulars not ſo eaſy for 
a Learner at firſt Sight to underſtand, I have firſt of all inforiad 
that Draught, with the Account thereof, which Mr. Bradley in his 
New Improvements of Planting and Gardening has given us of 
that at Cambden Houle, it being an Engine of Mr. Savery's own 
Invention, and which is the plaineſt and belt proportion'd of any 
that T have ſeen; and after that, I ſhall give the Author's own Draws- 
ings, and the Account by himſelf publiſh'd of his double Receiver, 
with the Improvements thereunto made, which are undoubtedly 
neceſſary in great Heights, and where great Quaatities of Water 
arc to be rais'd. 


A Deſtription of the Fire Engine, Fig. 1. Plate 24. 


A The Fire 

B The Boiler; a Copper Veſſel of a ſpherical Figure, in which 
the Water is boiled and evaporated into Steam, Which patles thro? 

C The Regulator, which opens to let it into 

D the Steam Pipe (of Copper) through which it deſcends into 

E the Receiver, which is a Veſſel of Copper alſo, that at firſt 
ſetting to Work, is tull of Air, which the Steam will diſcharge thorough 

F the Engine Tree, and up the Clack at 

K (the Plug of the ſaid Clack to come at and repair the ſame, it 
need be) and to the Air aſcends in 

L the Force Pipe „after E is void of Air, which is found by 
its being hot all over, then ſtop the Steam at 

C and throw a little coid Water on at E, and the ſucking Clack 
will open at 

I (which is the Plug of the ſaid Clack) and fill E with Mater, 
which will aſcend thorough 

G the Sucking Pipe trom 

H the Pond, Well, or River. 

Tu1s being done, proceed to raiſe your Water, (v:z.) 

Firſt, Tuxn C to let the Steam paſs from the Boiler into E, and 
it will force the Water therein thorough F by Kup L; which Water 
4 can't 
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can't deſcend, becauſe of the Clack at I. When E is thus emptied, 
which may ealily be perceived, by its being hot, as before, turn C, 
and confine your Steam in B; then open the Cock M, which will 
let a little cold Water into E, and that by condenſing the Steam in 
E, will cauſe the Water to aſcend immediately from H, and reple- 
niſh E. 

Tux turn C, to let the Steam into E, and it will Force the Wa- 
ter out of it up L, into a Ciſtern at O, placed at the Top to receive 
ir. Then confine your Steam at C, as before, and turn M for the 
{pace of a Second or two of Time, and E will be refill'd, which may 
again be diſcharg'd up L, as before: So that this Work may be 
continued as long as you pleaſe, if you keep the Water in B. 


I: you turn the Cock N, and then only Steam comes out of it, 


(without hot Water) the Boiler muſt be repleniſh'd with freſh Wa- 
ter ; bur our Boiler of Water will laſt a long while. 

WHrx you have rais'd Water enough, and you deſign to leave 
off working the Engine, take away all the Fire from under the 
Boiler, and open the Lock N to let out the Steam, which would 
otherwiſe (was it to remain conhn'd) perhaps burſt the Engine. 

IT mult be noted, that this Engine 1s but a ſmall one, in Compa- 
riſon of many others of this Kind, that are made for Coal Works; 
but this is ſufficient for any reaſonable Family, and other Uſes re- 
quired for it in watering all middling Gardens. 

Tis Proportion of the ſeveral Parts of it as it now ſtands at 
Cambden Houſe, take from Mr. Bradley, as follows. 

Tut Pipe from the Surface of the Water, to the Engine Tree 
F, is 16 Foot, which 1s the Length it ſucks the Water, or rather 
through which the Water is drove by the outward Force of the 
Atmolphere; but as the aforeſaid ingenious Gentleman obſerves, might 
be made to draw or force Water (according to the Laws of Hydro- 
ſtaticks) 28 Foot very well; but according to the Rules betore men- 
tioncd, to 33 or 34 Foot; however, in Attempts of this Kind, it 
is better to be under your Mark, than above it. 

Bor to proceed trom the Engine Tree E, up to the great 
Ciſtern which reccives the Water, is 42 Foot (but as Mr. Bradley 
thinks) might be 100 Foot high, it ſuch a Quantity of Steam be 
allow'd as is proportionable to the Length of the Pipe. 


Tur Diameter of the Bore, as well of the ſucking Pipe G, as of the 


force Pipe L, is three Inches; and of the Steam Pipe D about an Inch. 
Tu Receiver holds 13 Gallons of Water, and the Boiler three 
times that Quantity. 


WHEN: 
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Wir this Engine begins to work, you may raiſe ſour of the 
Receivers full in one Minute, which is 52 Gallons; and at that Rate, in 
an Hour's Time, may be flung up 3110 Gallons, whic.. at 60 Gal- 
lons to the Hogſhead, is 52 Hogſheads: So that were this ſmall En- 
gine to work, it would throw up 1243 Hogſheads (if Mr. 
Bradley's Calcilation is right) in 24 Hours. And if there were 
two Receivers, which is generally practis'd in Coal Works, the 
one to ſuck, while the other diſcharges it ſelf, then there would 
be rais'd 6240 Gallons in an Hour, which is 104 Hogſheads, and 
conſequently a Day would produce 2496 Hogſheads. 

Tus prime Coſt of ſuch an Engine is about 50 Pound, as I my 
ſelf have had it from the ingenious Author's own Mouth, and the 
Quantity of Coals requir'd to work it, about half a Peck, which 
need not be renew'd above 6 or 8 Times, were it to be wrought 
the whole 24 Hours, which ſuppoſing to be a Buſhel at moſt, is not 
above 12 d. in London, but much cheaper in many other Places; 
the Expence is not conſiderable to what Horſe Work is, which 
mult be ſhifted twice or thrice a Day, eſpecially in all Coal and 
Wood Countries, where Horſes are likewiſe generally let at dearer 
Rates, than at other Places, on account of that greater Quantity 
of Carriage there is in thoſe Places, more than is in others. 

THE chief Thing that ſeems to be objected againſt the Nature of 
the Engine juſt mention'd as to the Expence, is the making the 
Fire in the open Air as it were, and under a Trivet ; becauſe the 
Heat in ſuch a Latitude will evaporate, and not be ſo ſtrong, as when 
it is confin'd into a narrow Compaſs, and conſequently there muſt 
be a greater Expence and Waſte of Wood and Coal, than when it is 
thus eontracted, which makes it, I think, better to have the Fire 
enclos'd in a Stove or Furnace, than under any open ſpherical 
Figure. 

. we now then to the double Receiver, as we have it 
from the firſt Thought of our ingenious Inventor, and after that, to 
the Improvements that have been ſince made to it. 
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A Deſeription of the double Fire Engine, and of the Method of 
working it, Plate 24. Fig. 2 and 3. 


Tas foregoing Chapter treating of the Method of working the 
ſingle Fire Engine, which may ſerve for the Supply of any reaſon- 
able ſmall Family, and Gardens thereunto belonging, it is requi- 
ſite in the next Place, that we conſider the double Barrel and double 
Furnaced one, which is requir'd in all large Buildings and Gardens, 

as 
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as well as Mines, and other deep Places, which is extracted from 
the Author's own Account of it, in a little Treatiſe before mention- 
ed, call'd, The Miner*s Friend, publiſh'd alſo in the TranſaQions 


of the Royal Society, Numb. 252. 


A Deſcription of the Engine, Plate 24. Fig. 1. 


A, The Furnaces. 
B B, 'The two Fire Places. 


12 
C, The Funnel or Chimney. 
D, The ſmall Boller. 


E, The Pipe and Cock of it. 
F, The Screw that covers and confines the Force. 


G, A ſmall Cocktoa Pipe going within eight Inches of its Bottom. 
H, A larger Pipe going the ſame Depth. 
I, A Clack on the Top of the ſaid Pipe. 


K, A Pipe going from the Box of the ſaid Clack or Valve, into 


the great Boiler, about an Inch into it. 


L, The great Boller. 
M, The Screw with the Regulator. 


N, A ſmall Cock and Pipe going half Way down the great Boiler: 
O O, Steam Pipes, at one End of each are 


1. 2, Screws to the Regulator, and the other End to the Receivers. 
P P, The Veſlels call'd Receivers. 


I.2, Screws to PP. | 
Q. The Screws which bring on the Pipes and Clacks into the 


Front of the Engine. 


RRRR, Numb. 1. 2. 3. 4. Valves or Clacks of Braſs, with 


Screws to open and come at them upon Occaſion, 


S, The Force Pipe. 
T, The ſucking Pipe. 


V, A ſquare Frame of Wood, with Holes round its Bottom in 


the Water. 


X, A Ciſtern 


, with a Buoy Cock, coming from the Bottom of 
the ſaid Ciſtern. 


2, The Handle of the Regulator. 


THe Manner of working this Engine is, firſt, there is a good double 


Furnace, ſo contriv'd, that the Flame of your Fire may circulate 
round, and encompaſs your two Boilers to the beſt Advantage, as 
you due Coppers for brewing. Before you make any Fire, unicrew 
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G and N, being the two ſmall Gauge Pipes and Cocks belonging to 
the two Boilers. And at the Holes fill L the great Boiler two 
thirds full of Water, and D the ſmall Boiler = tull; then screw 
in the ſaid Pipes again as faſt and tight as poſſible. Then light the 
Fire at B No. 1. When the Water in L Boils, the Handle of the 
Regulator mark'd Z, muſt be thruſt off from you as far as 'twill go, 
which makes all the Steam, riſing from the Water in L, paſs with 
irreſiſtible Force through O No. 1. into P. No. 1. making a Noiſe 
as it goes ; and when all is gone out, the Bottom of the Veſlel P, 
Noe. 1. will be very hot. Then pull the Handle of the Regulator 
towards you; by which Means you ſtop O. Ne. 1. and force your 
Steam through O. No. 2. into the P. Ne. 2. until that Veſſel has 
diſcharg'd its Air through the Clack R. No. 2. up the Force Pipe. 
In the mean Time, by the Steam's condenſing in the Veſſel P. No. 1. 
2 Vacuum or Emptineſs is created, ſo that the Water muſt and will 


neceſſarily riſe up through I the ſucking Pipe, lifting up the Clack 


R. No. 3. and filling the Veſſel P. No. 1. 

In the mean Time, the Veſſel P. No. 2. being emptied of its 
Air, turn the Handle of the Regulator from you again, and the 
Force is upon the Surface of the Water in P. No. 1. which Surface 
being only heated by the Steam, it does not condenſe it, but the 
Steam gravitates, or preſſes with an elaſtick Quality like Air; ſtill 
increaſing its Elaſticity or Spring, till it counterpoiſes, or rather ex- 
ceeds the Weight of the Water aſcending in S the forcing Pipe; out 
of which the Water in P. Ne. 1. will be immediately diſcharg'd, 
When once gotten to the Top ; which takes up ſome Time to re- 
cover that Power, which having once got, and being in Work, it 
is eaſy for any one that never ſaw the Engine, after half an Hour's 


Experience, to keep a conſtant Stream running out the full Bore of 


the Pipe S. For on the out-iide of the Veſſel P. No. 1. you may 
ſce how the Water goes out, as well as if the Veſſel was tranſparent; 
for as the Steam continues within the Veſſel, ſo far is the Veſſel dr 

without, and ſo hot, as one is ſcarce able to endure the leaſt Touch 
with one's Hand; but as far as the Water is, the ſaid Veſſel will be 
cold and wet, where any Water has fallen in it; which Cold and 
Moiſture vaniſhes as. faſt as the Steam 1n its Deſcent takes Place of 
the Water. But if you force all the Water out, the Steam, or a 
{mall Part thereof going through R. Ne. 1. will rattle the Clack 
fo, as to give ſufficient notice to pull the Handle of the Regulator 
to you; which at the ſame Time begins to force out the Water 
from P. No. 2. without the leaſt Alteration. of the Stream; only 
ſometimes the Stream of Water will be ſomewhat ſtronger than be- 
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fore, if you pull the Handle of the Regulator before any conſide- 
rable Quantity of Steam be gone up the Clack R. No. 1. but it is 
much better to let none of the Steam go off (for that is but loſing 
ſo much Strength) and is eaſily prevented, by pulling the Regula- 
tor ſome little Time before the Veſlel forcing is quite emptied. 
This being done, immediately turn the Cock or Pipe of the Ciſtern 
X on P. No. 1. ſo that the Water proceeding from X through 
L Y (which is never open, but when turn'd on P. No. 1. or P. 
No. 2. but when between them is tight and ſtanch) I fay, the Wa- 
ter falling on P. No. 1. cauſes by its Coolneſs the Steam (which 
had ſuch great Force juſt before) by its elaſtick Power, to condenſe, 
to become, in the Language of our Author, a Vacuum, or empty 


Space. So that the Veſſel P. No. 1. is by the external Preſſure of 


the Atmoſphere, or what is vulgarly call'd Suction, immediately 
refilled, while P. N. 2. is emptying : Which being done, you puſh 
the Handle of the Regulator from you, and throw the Force on P. 
No. 2. cauling the Steam in that Veſſel to condenſe, ſo that it fills 
while the other empties : The Labour of turning theſe two Parts 
of that Engine, vig. the Regulator and Water-Cock, and tending 
the Fire, being no more than what a Boy's Strength can perform 
for a Day together. 

THe ingenuous Reader will probably here object, that the Steam 
being the Cauſe of this Motion and Force, and that Steam is but 
Water rarified, the Boiler L muſt in ſome certain Time be emptied, 
ſo as the Work of the Engine mult ſtop to repleniſh the Boiler, or 
endanger the burning out, or melting the Bottom of the Boiler. 

To anſwer which, be pleas'd to obſerve the Uſe of the ſmall 
Boiler D. when it is thought fit by the Perſon tending the Engin 
to repleniſh the great Boiler (which requires an Hour and an Flalf 
or two Hours Time, to the linking one Foot of Water): Then, I 
ſay, by turning the Cock of the ſmall Boiler E, you cut off all 
Communication between S the great Force Pipe, and D the ſmall 
Boiler; by which Means D grows immediately hot, by throwing 
a little Fire into B. Ne. 2. the Water of which boils, and in a 
very little Time it gains more Strength than the great Boiler; for 
the Force of the great Boiler being perpetually ſpending and going 
out, and the other winding up, or increaling, it is not long before 
the Force in D exceeds that in L; ſo that the Water in D weng 
depreſs'd in D by its own Steam or Vapour, muſt neceſſarily ri 
through the Pipe K into L, running, till the Surface of the Water 
in D is equal to the Bottom of the Pipe H. 
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Tux the Steam and Water going together, will by a Noiſe in 
the Clack I give ſufficient Aſſurance, that D has diſcharg'd and 
emptied itſelf into L, to within eight Inches of the Bottom: And in as 
much as from the Top of D, to the Bottom of its Pipe H, is 
contain'd about as much Water as will repleniſh one Foot; ſo you 
may be certain, L is repleniſh'd one Foot of courſe: Ihen you open 
the Cock I, and refill D immediately. 

By which you will ſee, that here is a conſtant Motion, without 
Fear or Danger of Diſorder or Decay; and if you would at any 
Time know if the great Boiler L be more than half exhauſted, 
turn the ſmall Cock N, whoſe Pipe will deliver Water, if the Wa- 
ter be above the Level of its Bottom, which is half Way down the 
Boller, it not, it will deliver Steam. 

So likewiſe will G ſhew you, if you have more or leſs than eight 
Inches of Water in D, by which Means nothing but a ſtupid Ne- 
glect, or miſchievous Deſign carried on ſome Hours, can any 
Ways hurt the Engine. And if a Maſter is ſuſpicious of the 
Deſign of a Servant to do Miſchief, it is caſily diſcovered by 
thoſe Gauge Pipes: For if he comes when the Engine is at Work, 
and finds the Surface C of the Water in L, below the Bortom 
of the Gauge Pipe N, or the Water in D below the Bottom of 
G. ſuch a Servant deſerves Correction; tho' three Hours after 
that, the working on would not damage or exhauſt the Boilers: 
So that in a Word the Clacks being in all Water-Works always 
found the better the longer they are us'd; ſo here the ſame Effect 
is found, and all the moving Parts of the Engine being of like 
Nature, the Furnace being made of Sturbridge or Wind/or Brick, 
or Fire Stone, I don't ſee it poſſible for the Engine to decay in 
many Years. 

Po x belides all the Clacks, Boxes, and Water-Pipe, Regulator, 
and Cocks are all of Braſs; and the Veſlels are made of the beſt 
hammer'd Copper, of ſufficient Thickneſs to ſuſtain the Force of 
the Working-Engine : In ſhort, the Engine is ſo naturally adapted 
to perform what is requir'd, that even thoſe of the moſt ordinary 
and meaneſt Capacity may work it for ſome Years without Injury, 
if not hired or employ'd by ſome baſe Perſon on Purpoſe to deſtroy 
it: For after the Engine is once fix'd, and at work, I may modeſtly 
affirm, that the Adventurer or Superviſor of the work will be 
freed from that perpetual Charge, Expence and Trouble of Re- 
pairs, which many Engines are generally liable to. 

. Tavs far the Ingenious Captain Savery as to the Working of 
his Engine; many other Inſtructions has he likewiſe left us 7 the 
xing 
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5 his Engine, for the Service of Gentlemens Houſes, Coal- 
Works, Ge. 

AL L which, with other Neceſſaries, may I think be ſumm'd up in 
theſe few Lines, that the Engine be fix'd on the higheſt Ground, or 
as near as poſſible the Reſervoir that is to ſupply the Houſe and 
Gardens, if in the open Air; for the Advantage of this as well as the 
Chain-Pump, is that you may uſe them on the higheſt Hill, and they 
certainly fave that Expence of Pipe which is unavoidable where-ever 
you force up your Water by Crank-Work, not but they are uſeful 
where Cranks are too. But it you are to force up your Water to the 
Top of a high Tower, then of courſe you muſt place your Engine 
therein, and one and the ſame Building will ferve. 

Ir is obſervable, that all thoſe Engines that are plac'd fo as to raiſe 
Water to a conſiderable Height, that the Furnaces are plac'd about 
21, 22 or 23 Feet, and ſometimes more, above the Surface of Water in 
the Well or Pond, out of which you are to draw the Water ; becauſe 
the external Preſſure of the Air, or in other Words the Atmoſphere 
forces the Water by Nature up to that Height where this Engine 
takes it, as it does in all other Pumps and Engines. 

To tollow our Author for Palaces, or the Nobility's, or Gen- 
tlemens Houſes, you may fix the Engine in any remote or out- 
Room, whole Floor as before is not above 20 or 25 Foot from the 
Level of your Water; but in Caſe the Surface of the Water is apt to 
riſe and fink, as many Springs are apt to do, there you mult take the 
loweſt : But you may continue your force Pipe up to the Top of 
your Houſes, be it 7c, 80 or 10a Feet, making your Furnaces either 
arger or ſmaller, according to the different Heights you are to throw 
your Water; at the top of which Houſe you are to fix your Ciſtern, 
into which the Pipes alſo muſt be laid that are to convey the Water 
to its ſeveral Uſes. 

THis way of Ciſterns on the Tops of Houſes or Palaces would 
be of ſingular Uſe in caſe of Fire, as is ſaid before; for in every 
Stair-Caſe a Pipe may go down the Corner, or behind the. Waini+ 
cot, ſo as to be no Blemiſh even to the fineſt Stair-Caſe. 

AT every Floor there may be a Turn-Cock with a Screw; at 
the utmoſt End you may likewiſe have a {mall Leather Pipe kept 
well ol'd in a Cupboard or Cavity in your Wall, which may not 
be ſeen but on the opening ſome Part of the Wainſcot; or ſuch 
other Coutrivance as the Ingenious Builder ſhall think fit to make 
ule of. This Pipe of Leather muſt be long enough to reach from 
the Landing Place or Stair-head into all. the Rooms adjoyning to it. 
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ONr End of this Pipe may have a Screw to fit the Cock in 
the other Pipe ; and at the other End a Pipe like the Noſe of a Pair 
of Bellows ; ſo that wherever, though under a Bed, or the remoteſt 
part of any Room in the Houſe, the Fire breaks out or is diſcover'd ; 
any Servant having ſcrew'd the Pipe to the Cock, ſtops the Noſle 
with his Thumb till he comes to the Place where the Fire is, when 
taking away his Thumb, he by directing the Noſle to the Fire, im- 
mediately extinguiſhes it; which being liable to be inſtantly uſed, 
I think a Houſe, Palace, Sc. that has this Invention, may be ſaid to 
be morally out of Danger of being deſtroy'd or ſo far injur'd, as 
I hitehall and Kenſington have within theſe few Years been. 

THis Command of Water muſt be allow'd to be a vaſt Advan- 
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tage to any Houſe whatſoever, where Brewing, Waſhing, &c. is 

uſed ; the Copper ſtanding high, may be fill'd as eaſy as if it ſtood 5 
low, by which means the hot Liquor may be contriv'd to go to all ? 
your Coolers and other Veſlels, either by a Siphon, Stop-Cock and I 


the like, without the Labour of Pumping or Bolling with Buckets. f 

How uſeful it is in Gardens and Fountain-Works may or might 
have been ſeen in the Garden of that Right Noble Peer the preſent . 
Duke of Chaudois, at his late Houſe at Sion-Hill, where the Engine : 
was plac'd under a delightful Banquetting-Houſe, and the Water A 
being forc'd up into a Ciſtern on the top thereof, us'd to play a 
Fountain contiguous thereto 1n a very delighttul Manner. 

Fo R the Draining of Fens and the like, this Engine is no leſs 
uſeful, but muſt be made very large in the Bore of the evacuating 
Pipe ; for at all ſmall Heights a ſmall Quantity of Fire will deliver a 
prodigious Quantity of Water. For ſuppoſe we ſuck twenty Foot, if 
the Boiler does but fill the Veſſels called Reſervers, with Stream 
ſtrong enough to counterpoiſe or exceed the Force of the Atmoſphere, 
or Spring of the common Air, it will diſcharge them at ſo ſmall a 
Height as 30 Foot Force in a very little Time: And the Steam having 
very little Force is immediately condenſed, ſo that it will preſently 
ſuck full, in one of the Veſſels, while the other is diſcharg'd. 

Now inas much as the Fire being more or leſs, adds nothing to 
the Suction ; I think ſuch Lifts being ſeldom above 35 or under 6 
Foot, all the Directions farther needful for the fixing the Engine for 
this Uſe, is in all Lifts under 20 Foot; to place your Engine ſo as a 
little above your Force-Clacks, may be the Place of the Delivery of 
your Water into a convenient Reſervoir or Trough, tobe carried off 
at the moſt proper Place for its Diſcharge. 

Ir it be any Height above 24 Foot or thereabouts, you have no- 
thing to do but to continue the Length of your force Pipe to 5 

| Height 
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Height requir'd ; it ought to have a Shed or Covering, not only in 
this (but in all other Places) and to be plac'd at the loweſt Place of 
your Fen or Bog, as other Engines deſign'd for that Purpoſe gene- 
rally are : And thus much of the Uſes and Manner of fixing it, as I 
have it from the Author, or from what has occur'd to my own Ob- 
ſervation on this Head; as for the Working of it in Mines and 
Coal-Pits, I refer the Reader to the Author's Treatiſe it ſelf, as it 
is Printed for S. Crouch at the Corner of Pope*'s-Head- Alley in Coru- 
hill, Anno 1702. 5 

PRO CEE D we now, according to Promiſe, to a Capitulation of 
the Improvements that have been made to this uſeful Engine, which 
will be in a great Meaſure ſumm'd up in that Noble Engine erected 
for the Uſe of the Tork-Burilazngs. 

T o finiſh this long Account of the ſurpriſing Engine for the 
railing of Water by Fire : I produce this laſt Improvement of it b 
Mr. Thomas Newcomen, which makes it undoubtedly the beauti- 
fulleſt 2 moſt uſeful Engine that any Age or Country ever yet 

roduc'd. 
; TH E following, vid. Machine, Plate 25. differs in no eſſential 
Part from that ſet up at the 7ork-Burldings, only the Pump-Work. 
is double: And all Engines that are in Mines have their Pumps un- 
der Ground, fix'd in the Pit: The Pumps being either ſucking, lift- 


ing, or forcing Pumps, according to the Conveniency or Circum- 
ſtances ot the Place. 
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CHAP, XXIX. 


A Deſcription of the Engine to raiſe Water by Fire, fix'd 
in a Frame of Timber inſtead of the uſual Engine- Houſe, 
as Improv'd by Mr. NEWwCOMEN. 


AT, A2, H E Leaver, or great Beam of the Engine, 

7 moving upon its Centre at C, whoſe Ends 

| are alternately pull'd down by the Piſton in 

rn the Cylinder, and by the Plug or Forcer of 
the Pump. 

— 4221, 424, 42, 43, The Arches fix'd to the 

Ends of the Beam, to carry the Chains that ſuſtain the Piſton and 

the Plug; in order to have the Strokes perpendicular in the Cylin- 

der, and the Forcing-barrel or Working- piece, in the Lines à 4 and x6. 

Cet, Cc2. Two ſtrong wooden Springs, to weaken the Blow 
rom by the Bars at the Ends of the Leaver when the Stroke is too 

ong, that the Machine may not receive too great a ſhock. 

a 1, 4 2. Two ſtrong Iron Bars croſſing the two extreme Arches 
of the Leaver, to prevent the Ends from coming down too low in 
caſe the Chain at either end ſhould break. 

D. Another little Arch upon the Beam, to carry a Chain that 
draws up and lets down the working-Timber p p 1, PP 2, (by the 
Engineers belonging to the Mines call'd the Plug-Frame) which, in 
riſing and ſinking perpendicularly, does, by its ſeveral Pins, alter- 
nately open and ſhut the Regulator T, and the Injection- Cock n. 

E. The Rod which, hanging at the Chain of the Arch @ 2, a 3, 
draws up and lets down the loaded Forcer or Plug ; which Forcer, 
by its motion in the Working-piece, or Forcing-barrel E, brings up, 
out of the Well under it, and forces up thro' the Pipes, into the Re- 
ſervoir, a Column of Water almoſt as heavy 2s the ſaid Fur; 

Wiuch 
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which is only loaded with ſo much more weight as to give the Wa- 
ter a ſufficient Velocity, that the Quantity requir'd may be rais'd and 
deliver'd into the Reſervoir in a given time: And, that neither Air 
nor Water may paſs between the ſaid Forcer and Barrel, it goes thro? 
two Collars of Leather, which are ſcrew'd between three Rings of 
Metal fix'd on the upper Flanch of the ſaid Forcing- barrel. The 
middle Ring, 1s of Braſs, and ſerves for a Guide to the Forcer, being 
cf a leſſer bore than the other two, which are of Iron, that neither 
the upper Leather nor the lower Leather (one whereof is turn'd up- 
wards, and the other downwards) may (lip between the Forcer and 
the middle braſs Ring ; as may be ſeen in Fig. 3, which repreſents a 
Geometrical Section of the Pump-work, ſeen in front, with the 
Forcer, Rod, Screws, and Weights; the two ſucking and forcing 
Valves; part of the ſucking Pipe, and part of the forcing or aſcend- 
ing Pipe ; the ſmall Pipe, which diſcharges the Air, with its Cock 
and Valve ; the leaden Cup with Water (to the height of the pointed 
Line) to moiſten the Leathers which are repreſented by ſtrong 
black Lines. | 

F8, 10, 9, 7, H6, GI. (Vid. Fig. 3. Plate 25) is The Pump-work, 
conſiſting of the following Pieces, vig. F 7, 8, the Forcing- barrel, 
which is bigger in its Bore at 7, 8 than in any other part, to allow ſuf- 
ficient Water - way, when the ſucking Valve fix'd at the level of 9, 10 
riſes up as the Forcer 1s rais'd. This Barrel has a curve Elbow H com- 
ing out of it juſt above the ſucking Valve, and the Elbow has a Flanch 
under 6, to carry the forcing Valve which plays in the ſwell 6 of the 
Piece 6, G x. The ſucking Pipe which goes down into the Well has 
only its Flanch 9, 10, and a ſmall part below it (mark'd 11) ſeen here: 
And it is upon this Flanchg, 10 (the Flanch of the forcing Barrel) that 
the ſucking Valve is fix'd, which riſes when the Forcer is lifted up, 
and allows the Water to riſe which the Atmoſphere preſles up from. 
the Well, to fill the ſpace left empty by the Forcer ; the forcing 
Valve under 6 being ſhut all this while: Then, as the Forcer comes 
down again, it preſſes a quantity of Water equal to its bulk thro” 
the forcing Valve under 6 into the Piece G 1, the ſucking Valve be- 
ing {hut at that time; and fo on, till the Water is driven up thro” the 
Pipes Gr, G, G, G, into the Trough I, I, which carries it into the 
Reſervoir K, K, K, K, K, K, K. NB. The Forcer is a hollow braſs 
Cylinder fill'd with Lead, turn d true and ſmooth on the outſide. 

L, The Injection Ciſtern, for the Uſes of the Engine, to be men- 
tzon'd hereafter. 
M, M, M, M, The two ſtrong Timbers which ſupport the Leaver 
by its Centre or Axis, and between which the Leaver plays. 
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N, The Chain that ſupports the Piſton, which always hangs per- 
pendicular, becauſe its upper part always applies it ſelf to the Arch 
at the end of the Leaver, whilſt the free part is a Tangent to the 
ſaid Arch. 

O,O1n, O 2, The Injecting Pipe, which coming from the In- 
xCcting Ciſtern L at O 2, gives out a little Pipe at O x, to let Water 
run upon the Piſton, to keepit tight, by moiſtening and cooling its 
Leather, and at laſt goes into the Cylinder at O thro' a Flanch, in 
ſuch manner, that an Adjutage or ſpouting Pipe is ſcrew'd on the up- 
per part of the end of it which is in the Cylinder. The Uſe of this 
Pipe is, to ſpout cold Water into the Cylinder, in order to condenſe 


the Steam, and make a Vacuum under the Piſton, when it has been 


rais'd up to the top of the Cylinder, that the Atmoſphere may preſs 
it down again with force and ſwiftneſs. 


PI, Pz, The Cylinder, made of Braſs, hollow within, and 


bor'd very ſmooth, that the Piſton P 1, mark'd in pointed Lines, may 
move up and down in it from PI to P 2, without letting either Steam 


or Water paſs by. This Cylinder has a leaden Cup ſolder'd to the 


top of it under N, ſo wide, that the Water that lies at the top of 


the Piſton to cool its Leather may not flaſh over the top of the 


Cylinder in the ſudden riſing of the Piſton. 

Q, The Steam- pipe, thro' which the Steam paſſes from the 
Boyler into the Cylinder. | | 

R, R1n, R,R, R 2, The Boyler, made hemiſpherical at top, 
and then diminiſhing at right Angles, or with a Flanch, at RI, R 2, 
and ſo continuing almoſt in a Cylindrick form to the bottom; 
which 15 riſing in the middle, as appears by the pointed Lines. 

S, A braſs Plate ſcrew'd to the Boyler with four or more Screws, 


which, when taken off, opens a way into the Boyler in order to 


cleanſe it, Sc. On this Plate is faſten'd a ſhort Pipe and Valve, S 1, 
with a Stillyard and Weight ſupported by a perpendicular Piece, S 2, 
in order to know the ſtrength of the Steam in the Boyler, and to 


prevent its burning, if neglected. In this Plate are fix'd two Gage- 


Cocks, x 1, S 2, whoſe Pipes are of different Lengths, in order to 
know how high the ſurface of the Water is in the Boyler ; tor it botk 
Cocks, being open'd, give Steam, the Water 1s too low ; and it both 
give Water, or give no Steam, then the Water is too high; but it 
& 1 gives Steam, and & 2 does not, then the ſurface of the Water is 
at a due height, vi. above z 3, the bottom of the longeſt Gage-pipe. 


T, The Steam-Cock or Regulator, conſiſting of a large braſs. 


Plate and a Pipe reaching up to Q, which makes half of the Steam- 


pipe, and is there ſolder d ro the other half that comes down * 
the 
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the bottom of the Cylinder. By means of the Handle b b, a littſe 
ſmooth Plate, mark'd 16 (Fig. 2.) under the Regulator Plate, is 
mov'd in ſuch manner, as alternately to ſhut and leave open the hole 
of the Steam-pipe, ſo as to perform the Office of a Cock, but with a 
great deal leſs Friction. 

V, A Cock to let Water out of the Boyler upon occaſion. 

W, A Pipe to teed the Boyler with lukewarm Water from the Cup 
at the top of the Piſton, thro' the Feading-pipe , which goes 
down into the Boyler within a few Inches of its bottom, that there 
may always be a due Quantity of Water in the ſaid Boyler. 

X X, A waſte Pipe to carry off the ſuperfluous Water from the 
Cup at the top of the Piſton. 

Y Y Z, The Sinking-pipe to carry off the Water which is injected 
into the Cylinder at every {troke, whoſe end Z (mark'd in pointed 
Lines) is turn'd upwards with a Valve upon it, kept tight (when 
{hut) by a little Water in the hot Well Z: But every time the Steam 
is let into the Cylinder, it opens the Valve at Z, and diſcharges the 
Water, as long as the ſaid Pipe Y Y continues full, or nearly full, to 
help the Steam by the preſſure of its Water, which is always propor- 
tionable to its height in the ſaid Sinking- pipe. | 

. &42,4,8; Me 22 and Brickwork about the Boyler, 
being here ſeen only on the back- ſide; the Eire- place, repreſented by 
the pointed Lines at &, being on the other ſide, and the Flue carried 
round the Boyler, under its Flanch. 


b b, The Handle of the Regulator, mov'd backward and forward 
by the Motion of the Slider þ c. 

d, di, The Tumbling-piece, commonly call'd the [V] from its 
Figure, moveable upon an Axis e e by means of the Shanks g h and 
gg. which are thrown backwards and forwards, by the Pins in the 
Working-timber, or Plug-frame, one Pin @ (on its outſide) depreſ- 
ſing g g in the deſcent of the Working-timber, ſo as to throw the 
Head of the LI] loaded with Lead to 4 1 (as here in Fig. 1. and 
Fig. 2) whilſt one of its Toes, at the other end, ſtriking the Pin c 4, 
ſhoots forward the Slider, and opens the Regulator : 'Then a Pin or 
Roller upon a Pin 6, in a Slit made thro' the middle of the Work- 
ing- timber, in the riſing of the ſaid Timber, lifts up the Shank g h, 
and throwing the Weight 41 towards the Cylinder, cauſes the other 
Toe at the contrary end of the [Y] to ſtrike the Pin c 4 on the in- 
ſide, and thereby pulls back the Slider to ſhut the Regulator. 

FI, f 2, A ſmall Iron Leaver, commonly call'd the [E], moveable 
upon its Axis 7, which is fix'd in the piece i; whoſe Office is to open 
and ſhut the Injection- Cock * means of two Toes 2, 9, fa | 

X 2 take 
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take between them the Handle of the ſaid Cock m. The Centre of 
this Leaver is above its Toes, between f 1, f 2.3 and one of its ends 
F 2 lodges it ſelf in the Notch of the Catch » 1, whoſe Foot is fix'd 
upon the Axis 7 of the ſaid Leaver. When the Working-timber aſ- 
cends, a Tooth, which is fix'd on the ſide of it that looks towards 
the Cylinder, expreſs'd here in pointed Lines, raiſes up the outmoſt 
end of another Catch mark'd q, (one part of which is hid by the 
Working-timber / and conſequently draws down the farther end; 
which takes along with it the neareſt end of the Catch 1, which is 
upon the ſame Line, and cloſe to the other, whilſt the end p of the 
ſaid Catch 7 1 riſes towards s, and thereby lets fall out of the Notch 
the end f 2 of the Leaver, which, being pull'd down by the Weighe 
F 3 fix'd to it, cauſes one of the 'Foes,. mark'd u, to puſh: towards 
the Working-timber the Handle of the Cock n, which thereby gives 
the Injection: Then, as the W orking-timber deſcends, by a Pin on 
its further ſide it puſhes down the Curve-end or longeſt Shank of the 
F] vis. f 1; and raiſes up the other end of it, ſo as to lodge it in 
the Notch of the Catch” 1; the other Toe, mark'd o, puſhing the 
Handle forward at the ſame time, and thereby ſhutting the Injection 
immediately before the opening of the Regulator: as the Injection 
afterwards muſt be open'd jult after the ſhutting of the ſaid Regula- 
tor. From the Beams.which ſupport the Cylinder there come gene- 
rally two deſcending Pieces, to carry the Machinery that turns the 
Regulator and Injection- Cock, commonly call'd the [FE] and [Y], at 


a due diſtance from the Working-timber ; but here, for want of 


room, two Iron Bars are us'd, one of which is mark'd z 3, 2 4, join'd 
at bottom by a croſs Bar, and with Side-pieces 2, 2 1, 22, to carry 
the Axes of the [F] and [Y]: The other deſcending Iron Bar can't 
be ſeen in this Draught, as being hid by the Working-timber. 


NB. For the better underſtanding of the Motion of the Machine, the 


Regulator and Injection- Coch, with the other Parts belonging to 
them, are drawn in large in the ſame point of Sight, and are mar d 
With the ſame Letters in Fig. 2. 

& k, The two ends of a Strap of Leather faſten'd to the top of the 
[Y] at 41, to keep it from falling too far either way. 

J, The ſnifting- Valve, to let out the Air that extricates it ſelf 
from the injected Water at every ſtroke, and which would hinder the 


due Operation of the Engine, if it was not driven out at this Valve. 


o, A Cup and Valve to receive ſome of the injected Water, whicli 
is much hotter-than the Water above the Piſton: From this Cup hot 
Water is convey'd into.the Feeding-pipe 2 u, by the Cock 0 1. 
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p, pt, 7 7 2, The Working-timber, hanging by a Chain which 
applies it ſelf to the Arch D, and * 11 up and down perpendicu- 
larly thro' the holes p 1, P 2, made to keep it teddy in its motion. 
This Timber has a Slit in the middle from p x down below , in or- 
der to receive the Shank g H, and to throw it back again by a Pin 
5 b, or Roller on the Pin, in the ſaid Slit. There are alſo Holes on 
the right and left fide of this Timber to put in Pins, as 4, and d, al- 
ternately to depreſs the Handle g g on the one fide, and the long 
Shank of the [F] on the other fide, according as the motion of the 
Engine requires. 

J, 9. 4. q, Two ſtrong horizontal Timbers that 7 the Cy- 
linder by means of a Flanch on the middle of the Cylinder, and Bolts, 
and Screws thro” the {aid Beams. 

7 1, 72, Acroſs horizontal Timber, broken oft in the Figure, to 
ſhew the Cylinder and Pipes, &c. 

5, J, J, , Braces allo broken off. 


t. r, A Scat and Platform to go from the Working- piece to the 
Pump. | 

u, u, One of the upright Timbers that ſupport the Spring- frame 
and & n join'd to the horizontal Piece at M, the other Timber be- 
ing behind 


1 1, The braſs Guide for the Rod of the Forcer, which is here al- 
moſt hid by the aſcending Pipes. 


W,W,W, W, W, The Joyits of the Floor, which is even with the 
middle of the Cylinder. 

*, * 1, A Cup of Lead, which keeps moiſt the Fack-head or Col- 
lar of Leathers. NB. Ar firſt working, the Air is let out of the 
Jack-head by /ooſening ſome of its Screws, or by a little Cock and 
Valve at x 1. 


„ A crofs Piece, which holds the Braſs Guide above-mention'd- 
at 4 I. 


=, A Pipe to ſupply the Injection-Ciſtern L with Water from the 
Reſervoir K. 


Thus far of the Deſcription of the Engine to raiſe Water-by Fire,, 
as improv'd by Mr. Newcomer. 

What I have to add in this Place is, that as the beſt and moſt uſe-- 
ful Inventions and Improvements which have been diſcover'd ei- 
ther in Art or Nature, have in Proceſs of Time been liable to 
Improvement; fo this of the Fire-Engine has been ſubje to the 
fame : For this ingenious Gentleman, to whom we owe this late 
luvention, has with a great deal. of Modeſty, but as much Judg-- 


ment,, 
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ment, given the finiſhing Stroke to it. It is indeed generally ſaid to 
be an Improvement to Mr. Javory's Engine; but I am well in- 
form'd, that Mr. Neu comen was as early in his Invention, as Mr. 
Savery was in his, only the latter being nearer the Court, had 
obtain'd his Patent betore the other knew it; on which Account 
Mr. Newcomer was glad to come in as a Partner to it. To which 
I ſhall add, that the Gravity of the Atmoſphere on the Cylinder, 
mark'd P 1. P 2. is computed to be equal to 1400 Weight, which 
nevertheleſs will not ſtop the working of the Engine, if the Stoker 
takes Care to keep his Fire in, and that this Engine is by no Means 
in ſo much Danger of being blown up, or broke to Pieces, as Mr. 
Savery's is, by reaſon of the great Regulator, mark'd A 1. A 2. 
and of the other, Work at f 1. F 2.&c. which bridle the whole 
Motion of the Engine. And the utmoſt Damage that can come to 
it, is its ſtanding {till for want of Fire. What is very remarkable 
(belides other Things which might be mention'd) is the wondertul 
Effects there is between the two oppolite Principles of Expanſion 
and Condenſion, and how fully the Atmoſphere performs its 


Ofhce on this Occaſion. 


THe Fall of the two Piſtons, or Braſs Barrels, which are joyn'd 
to the other End of the Leaver, mark'd a 3. 4 4. is allo very curi- 
ous ; becauſe that by Means of the Chain fix'd at the End going 
down to N the Force is exactly perpendicular, and the whole not 
liable to that Friction, which is almoſt unavoidable in all other 
Leaver Work. 


Tu two Mains which lead from the 2 Barrels, or forcers from 


the Bottom to the Top of the wooden Turret, are each of them 


about 12 or 14 Inches Diameter, and deliver about 150 Tuns in 
an Hour, which is 3600 Tuns, or 14400 Hogſheads in a Day. 

To conclude this Account of Engines, I obſerve, that there are 
5 of thoſe Machines of London Bridge, one whereof is deſcrib'd 
Plate 21. Page 320.to every one of which is fix'd 4 main Pipes, 
two at one End, and two at another, in all 20, of 7 Inches Bore 
cach ; the Workmen there have not, as I can find as yet, calculated, 
(at leaſt it is out of Mind) what Quantity of Water, all thoſe 
Machines will throw up ia an Hour, tho' if the Pipes are kept 
perpetually tull, as an Engine with 4 Cranks certainly will, accor- 
ding to Marriotte, in 20 Mains, of 49 circular Inches each, making 
in all 980 circular Inches; thoſe Machines can't give leſs than 1715 
Hogſheads in an Hour, and conſequently 45160 Hogſheads in a 
Day, equal, if not exceeding what the ſo much fam'd one of Marli 
does, and that without any great need of Repairs. 
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Oxx Thing obſervable in the Wheels of thoſe Machines is, that 
they turn as the Tide does; thoſe which are plac'd near the Middle, 
are either elevated or depreſs'd by a little Wheel on the Back Part of 
the Work, called a ws Wheel, as the Tide either riſes or falls, 
whilſt thoſe which are plac'd near the outſide, are kept to a conſtant 
Gauge, which is all I ſhall add in this Place as to theſe Machines. 


e 
eee eee 


CHAP XXX. 
Of ſeveral Machines for the playing of Muſick: 


Have already, in my Introduction to this Book of Hy- 
yy draulicks, noted, that it has had its real Denemination 

I (though now it is generally applied to all Water Engines) 

from beg Aqua Water, and anc; Tibia vel Tibicen 2 
Pipe, from the Utes which the Ancients put the Antlia 
or Pump to in blowing their Organs ; not of this Kind 
there are Inventions of a late Date (as whoever reads de Cavs, and 
other Authors, will find) by which Organs, and other Inſtruments 
of Muſick are play'd : And tho' this Chapter may not be of the great- 
eſt Uſe, yet there is a Diverſion in it, that may not be unacceptable 
to the curious Reader. 

To begin then with the learned Grave/anae, the undulatory Mo- 
tion in the Air produces Sound: For (ſpeaking of Senſation) ſo 
ſtrict is the Union of the Body and the Mind, (ſays he) that ſome: 
Motions in the Body do as it were cohere with certain Ideas in the 
Mind, and they can't be ſeparated from each other. From the 
Motion of the Body are new Ideas every Moment excited in the 
Mind; and ſuch are the Ideas of all ſenſible Objects; yer we can 
find nothing common between the Motion in the Body, and the 
Idea in the Mind. We cannot perceive what Connection is here, 
nor that any Connection is poſſible: There are (according to the 
great Sir Jae Newton, whoſe Footſteps this learned Author fol- 
lows) an infinite Number of Things hidden from. us, of. which we 
have not ſo much as an Idea. 1 * 

LHR 
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Tur undulatory Motion of the Air agitates the Tympanum or 
Drum of the Ear, by which Means a Motion is communicated to 
the Air contain'd in that Organ, which being conveyed to the audi- 
tory Nerve, excites in the Mind the Idea of Sound. 

No u, to explain a little thoſe Laws of Motion, that produce 
Sound, let Particles of Air be ſuppoſed to be plac'd at equal Diſ- 
tances, and to be in a right Line, 4, 4, b, c, 4, &c. and F, Fig. 1. 
Plate 26. Page 352; let the Wave be ſuppos'd to move along that 
Line, as far as between 4 and p, as it is repreſented in Line 1. 

Tux greateſt Denſity is at n, which is the Middle between + and 

p, and the greateſt Dilatation between (& and Y) is in the Middle 
(e). Wherever the neighbouring Particles are not equally diſtant, 
the Motion ariling from Elaſticity cauſes the leſs diſtant Particles to 
move towards thoſe that are moſt diſtant, between (5) and (e); 
there is a Motion from (6) towards e that is conſpiring with the 
Motion of the Waves; there is alſo ſuch a Motion between » and 
P; but there is a contrary Motion between e and , and it is di- 
rected from 9 towards e. At mand e, where the Directions of 
Motions are chang'd, no Action ariſes from the Elaſticity, becauſe 
the neighbouring Parts are plac'd at equal Diſtances amongſt them- 
ſelves. In the Placcs &, / and p, the Difference of the Neighbour- 
ing Parts is the greateſt of all; and therefore there is the greateſt 
Action of the Elaſticity. 

Bur for this Motion or Progreſſion of Sound, I refer my Reader 
to Book the ad, Chap. 17. of Graveſande's Mathematical Ele- 
ments of Natural Philoſophy, where it is treated of in a very exact 
Manner, having made uſe of the Figures in that Treatiſe ſet down, 
for the Embelliſhment of this Work. 

AND to proceed, the Structure of the Ear, both internal and 
external, is wonderful, but that the Air is the Vehicle of Sound, is 
proved by the following Experiment. 

Tae the leaden Plate O, Lid. Fig 2. Plate 26. Page 352, which 
has two Cylinderical Pillars of the ſame Metal C C fix'd to it; joyn 
a little Bell A to the Braſs Wire B D, and let it be tied with Strings 
to the Pillars C C; lay the Plate O upon the Braſs Plate of the Air- 
Pump, putting between a little Cuſhion of Cotton, or raw Silk, 
ſet a Receiver on over all this Apparatus. Cover the Receiver 
with a Plate that has a Collar of Leathers ſcrew'd to it, thro” 
which the Braſs Wire D E can flip up and down; to the Braſs 
Wire you muſt faſten the Plate e ; fo that by twining of the Wire 
round, the Bell A may be agitated. Pump out the Air from the 
Receiver, and ſhaking the Bell in the Manner before deſcribed, you 
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will not hear the Sound. By turning the Wire DE, the Bell 
will move forwards and backwards ſeveral Times; but we are on! 
to obſerve that Motion in which the Plate e F doth not 18 
the Wire 6 d. Letting in the Air, the Sound will be heard as 
before. 

AN from this it is deducible, that Air is the Vehicle of Sound, 
and that in Sound there is an undulatory Motion of the Air, and 
that it ariſes from the tremulous Motion of Bodies. That this ob- 
tains in Cords or Strings of muſical Inſtruments, no body doubts, 
ſince by giving them a tremulous Agitation they produce a Sound; 
in great Bells, and other Bodies this tremulous Motion is very ſenſi- 
ble, and in all other Bodies according to their Proportion. 

I T appears alſo, that the Intenſity of Sound is as the Weight by 
which the Air is compreſs'd ; that is, this Intenſity increaſes and de- 
creaſes as the Pillar of Mercury, which is in Equilibrio with the 
Weight of the Atmoſphere, for which ſee Fig. ;. Late 26. Page 350. 
where if you ſhake the Bell A in compreſs'd Air exactly in the Manner 
as it was ſhak d in vacuo, the Sound will be encreas'd ; which will 
again be diminiſh'd, it opening the Bell, you let the Air return to 
its firſt State. For a further Demonſtration of what we are upon; and 
that Air is the certain Vehicle of Sound, which is leſs or more In- 
tenſe according to the Warmth or Coldneſs of the Weather, i. e. leſs 
in Winter than in Summer; let Fig. 5. Plate the 26th. prædict. 
be a Glaſs wherein a Bell is hung as A, and opcning the Cock 
that the Air in the Glaſs may have Communication with the 
external Air, let the Glaſs be ſhaked, and the Diſtance be determin'd 
when the Sound can be heard ; warm the Glaſs and repeat the Expe- 
riment, and the Sound will be heard at a greater Diſtance. 


Ir was agreeable to this, that the Ancients had ſeveral Inſtruments 


of Maſick which ſounded when the Sun ſhined upon them ; and Cor- 


nelius Tacitus in his Hiſtory maketh mention of ſuch a one in Egypt, 
and Pauſanius is ſaid to have ſeen the Figure. The Sound whicreof 
was like the Strings of a Harp when they break. 

De Camus, from whom this Invention is taken in Plate gth and 1cth 
of his forcible Movements by Water, &c. teaches the raiſing of Water 
in a V.ſſel of Copper or Lead (by the Heat of the Sun) by means 
of the Valve at A. vid. Plate 27. P. 250. Now when the Water ſhall 
be in E, it ſhall be tranſported into C by the Siphon B, which caſting 
its Water into C, ſhall make the Air breathe forth of it, and ani- 
mate the two Organ-Pipes, which with the Engine may be put 
into the Figure or Pedeſtal ; or otherwiſe, if the Engine be put 
at a Diſtance, you mult uſe Conveyances for the Wind, and fo 
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the Pipes only may be in the Figure, which being of Braſs, and hol- 
low, ſhall have no Air but by the Mouth; by which the Sound of 
the Organ Pipes ſhall come forth. 

Now it is plain, that the Rare faction of the Air, by the heating 
the Organ-Pipes by the Sun, as was before-mention'd ; and the Me- 
thods by which this is effected will more plainly appear by Fig. 2. 
Plate 27th, prædict. of which take the following Account. 

You mult have four Veſſels of Copper well ſoldered round about; 
each of which ſhall be about a Foot tquare and 8 or 9 Inches high, 
the Veſlels are mark'd with A B C and D, and there muſt be alſo a 
Pipe mark'd with E put upon the ſaid Veſſels, to which Pipe there 
ſhall be ſoldered four Branches, each Branch being mark'd with the 
Letter E, the ſaid Branches ſhall be ſoldered to the Top of the Veſſels, 
paſſing almoſt to the Bottom of each: Then there mult be ſoldered a 
Sucker mark'd with G to the middle of the Pipe, made and plac'd 
ſo, that when the Water ſprings out of the Veſlel, it may open, and 
being gone forth, it may ſhut again. 

TER E mult be alſo another Pipe at the Bottom of the ſaid Veſ- 
ſels mark'd with P, to which there is alſo four Branches, the which 
mult be ſoldered againſt the Bottoms of the ſaid Veſlels, and alſo a 
Sucker mark'd H, to the end of which there is a Pipe which deſcends 
to the Bottom of the Water, the which ſhall be in a Ciſtern or Veſ- 
ſel mark'd with I: There ſhall be alſo to one of the Veſſels a Hole 
or. Vent mark'd within ; ſo placing the Engine in a Place where the 
Sun may ſhine upon it, pour the Water into the Veſlels by the Hole 
or Vent M, which Water ſhall be communicated to all the Veſ- 
ſels, by the means of the Pipe P: And the faid Veſſels muſt have about 
athird Part of their Content in Water; and the Air which was in the 
Place of the ſaid Veſſels ſhall paſs out by the Paſſages 3, 4, 5, 6; at- 
terwards you muſt ſtop thoſe Paſſages very cloſe, ſo as the Air may 
not come out of the ſaid Veſſels; and then the Sun ſhining upon the 
{aid Engine ſhall make an Expreſſion, becauſe the Heat which cauſeth 
the Water to riſe from all the Veſſels to the Pipe E, and paſs forth 
by the Sucker G, and the Pipe N, and then fall into the Baſon O, 
and from thence into the Ciſtern I; and when there ſhall be a great 
quantity of Water run forth by the Violence of the Heat of the Sun, 
then the Sucker G ſhall return; and after the Heat of the Day is paſs'd, 
and the Night ſhall come, the Veſſels ſhall draw the Water of the 
Ciſtern by the Pipe and Sucker H P, and ſhall fill the Veſſels as be- 
fore; ſoas the Motion ſhall continue ſo long as there is Water in the 
Ciſtern, and that the Sun ſhines upon the Veſſels : And you muſt 
obſerve, that the two Suckers G and H muit be made very light F 
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and — very juſt, ſo as the Water may not deſcend by them when 
it is rais'd. 

TAE manner, by which the Hydraulick or Engine before men- 
tion'd, and its Effects, being thus explain'd, let us proceed to a cu- 
rious Invention of Hero Alexanarius, which repreſents divers 
Birds, which ſhall ſing diverſely when an Owl turns towards them; 
and when the ſaid Owl turns back again, they ſhall ceaſe their Singing. 
Vid. Plate 28. pag. 35. 

LET there be a Water-Wheel as A, which ſhall turn in a 
Caſe of Lead or Copper mark'd with C, which Caſe ſhall ſeem 
to keep the Water from ſcattering abroad and ſpoiling the Motion, 
and the Axle- tree of the ſaid Wheel ſhall reſt upon two round Holes, 
which ſhall be on the Sides of the ſaid Caſe, and at the one End of 
the ſaid Axle-tree which cometh thro? the ſaid Caſe : There (hall be a 
Pinion of eight Teeth mark'd with D, which ſhall turn a Barrel of 
12 or 15 Inches; alſo there mult be three Conveyances for the Wind 
mark'd with E FG, to which there are ſoldered 3 Cocks, whereof 
the Keys are made as MO, to the end that when the Barrel turns 
the Pins Q and R, they may make the ſaid Conveyances open to let 
the Air into divers Whiſtles, the which ſhall make ſeveral different 
Tunes, according to the Fabrick of thoſe Whiſtles, and the Diſpoſi— 
tion of the Pins and touches Q and R. And moreover, you may 
give a certain Motion to the Tails and Beaks of the Birds; if you 
put certain Strings to the Keys of the Cocks, as the Figure declares. 

As concerning the Motion of the Owl, which turns forwards and 
backwards in a certain ſpace of Time, it may be ſcen by the turning 
the Veſſel X, and the Leaver 3 and 4, where is the Counterpoiſe 8; 
for this Veſſel deſcends when full, and makes the Counterpoile to riſe, 
and the Pin of the Leaver ſtops the Barrel, by the Means of the 
Pin marked 6, which is at the End thereof; and fo the Birds ceaſe 
their ſinging : Then when the Owl ſhall be towards them ; and 
when the Veſſel X is void, ſhe ſhall turn again by the Means of 
the Counterpoiſe, and the Barrel ſhall begin to turn, as is demon- 
ſtrable by the Figure. 

A pretty Conceit of this Kind, where a Bird is taught to whiſtle, 
by the Fall ot Water, is in an ancient Grotto at Ainſtone, near the 
late Duke of Shrewsbury's in Oxfordſhire, an Account of which 
you have in Dr. Plott's Natural Hiſtory of that County, which was 
made to warble out its Sound by the Cadence of the Water; and 
innumerable other Inventions of that Kind might be contriv'd, 
too long tor me to inſert in this Place. 
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Tur two laſt Machines I ſhall exhibit, are thoſe by which you 
may make a pair of Organs ſound by the Means of Water, and the 
other one, whereby Organs, or any other Trumpet-like Inſtru— 
ment or Inſtrumeats ſhall ſound, when the Sun ſhall be riſing to- 
wards its Meridian, without any other Principle of Motion, but 
the Heat of the Sun and the Water. 

THe Muſical Wheel mark'd A (Plate 29. Page 3 500 may be 
of 5 or 6 Foot Diameter, which ſhall be turn'd by a Pinion of 
eight Teeth, to the Axle-tree whereof there ſhall be fitted a Wheel 
of twenty four Teeth, which ſhall be turn'd upon a Pinion, 
on whole Axlc-tree the Water-Wheel C is faſten'd; the Keys are 
mark'd with D, and the Place where the Pipes ariſe with E, and the 
Summer with E, the three Regiſters mark'd G HI, are different 
the one from the other. And to the intent that the Noiſe of the 
Motion may not be heard when the Pipes play, it is good that 
there be a Wall of a Foot thick between the Regiſters and the ſaid 
Motion; the Conveyances of the Wind are of Copper, which 
coming from the Summer to the Regiſters, paſs through the ſaid 
Walls. 

Tu other Machine, (vid. Plate 30. Page 350) is a Veſſel of 
Copper or Lead mark'd A, very cloſe and ſolder'd on every Side, 
and let it have a Siphon mark'd with C, which may be ſo made, 
that the End which is in the Veſſel be near the Bottom, and that 
the Height of the ſaid Pipe or Siphon be near the Height of the ſaid 
Veſſel, then the other End ſhall come forth of the faid Veſſel, to 
run into the Veſſel D. 

AnD to order it ſo, that the Sun may not heat the Veſſel A, till 
ſome determin?d Time about Mid-day, as you ſhall deſire, let there 
be a Tablet made to the ſaid Veſlel, of ftrong Lead or Copper, 
mark'd with B (as if it were a Cover of the faid Veſſel halt litted 
up) but well ſolder'd thereto, and let the Veſſel be well environed 
with a ſmall Wall of Brick, {o as there may be only the Side betore 
2 the Sun, which Side ſhould be exactly plac'd towards the 

Outh. 

Ir is certain, this being well done, that the Sun ſhall not ſhine 
againſt the ſaid Veſſel, but at Noon, or ſuch other determinate 
Time then abouts, as you ſhall deſire; and then the Rays ſhine 
againſt the Angle, which the Top of the Veſſel makes with the 
Table B, and by that Means heats the Top of the ſaid Veſſel, and 
which ſhall make a Compreſſion in the Veſlel, ſo as that the Water 
ſhall run forth by the Pipe C; let there be alſo a great Veſſel mark'd 
with F, into which the Water of the Spring or Pipe of Les 
which 
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which is to make the Motion, runs continually, and at the Bottom 
0! the ſaid Vellel there is a Valve mark'd with G, at the lower End 


whereof, there is a Pipe with a Cock mark'd with H, which ſerves. 


to temper the Couric of Water which falls upon the Water Wheel 
which is below. 


So when the Sun ſhall be any where near, or at the Meridian or 


Place, towards which you place the Box, his Rays ſhall ſhine 
againſt the Veſſel A, which fhall cauſe a Compreſſion of the Water 
which is within, which ſhail run forth by the Pipe C, into the Veſ- 


ſel D, which being half ſhut, ſhall deſcend and open the Valve G, 


which being open, the Water of the Veſſel F ſhall run upon the 
Water Wheel, and make the Muſick Barrel turn, as hath been be— 
fore ſhewn ; and the Pins that are put upon the faid Barrel, ſhall 
touch the Keys M, which being put down, ſhall open the Valves 


which are under the Summer X; and the Wind that ſhall be in the 


ſaid Summer, ſhall make the Pipes of the Organs or Trumpets ſound, 
which are above the Summer. Now Wind may be given to the ſaid 


Summer, after two ſeveral Manners; that is to fay, by a Reſerve, 


which is fill'd with the Water which falls upon the Water Wheel, or 


by Bellows, whichare raiſed by another Water-Wheel, which ſhall 


move when the Veſſel D deſcends, and ſhall open alſo a Valve, as that 
which is mark'd with G: But becauſe the Muſick Inſtrument mult 
itop juſt at the Point where it began (when the Muſick Barrel 
hath made one Turn) to the end, that when 1t begins to found 
another Tune, the Muſick may be of a juſt Meaſure. 

Now, to make it ſtop, you ſhall make a ſmall Veſſel of Copper 
mark'd with E, which ſhall have a ſmall Hole at Bottom, and ſhall 


be ſo placed, that the Cord which holds it ſhall be faſtened to a Ring 
near the Valve G, and the Water which ſhall fill the ſaid Veſſel, 


{ſhall be conveyed by the Pipe mark'd with L; fo as when the 


Valve G is opened, forthwith the Water ſhall run into the ſaid Vet-- 


ſel; and when the Water of the Veſlel F ſhall be a little abatcd, 
then it ſhall run no more into the Veſſel E, which ſhall always 


empty the Water which is in it by the ſmall Hole at the Bottom; 


and the Time that the ſaid Veſſel E empties, muſt be fitted to the 
Time which the Wheel requires to make one Turn; and the ſaid 
Jeſſel being empty, the Valve G ſhall fall down again, becauſe it 
ought to be made in a manner heavier than the two Veſſels C and 
1) when they are empty: And on the contrary, when one of the 
ſaid Veſlels is full, that they may be heavier than the faid Valve: 
And as concerning the Vella D, it is neceſſary that it empties ra— 
ther than E; becauſe it need not keep ſo exact a Meaſure as E. 

1 AND 
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Ax here may be ſeen likewiſe how it empties when it is half 
full of the Water which deſcends by the Pipe C, then it draws 
down itſelf, and that mark'd with E alſo; becauſe it is hea- 
vier than G at the fame Inſtant that G opens, and the Water de- 
ſcends upon the Wheel, and into the two Veſlels; and when D is 
full, then the Veſſel turns the Top downwards and empties; and in 
the ſame Time the Water of the Veſlel F abates, and is lower than 
the Height of the Pipe at D, the Water ſhall rvn in no more, but 
the End of the Pipe L mult be ſomething lower than that of D, to 
the end that the Water may there run longer: It now remains to 
ſhew how the Pipe A is filPd again with Water. 

TarzkrErors let there be a Pipe put with a ſmall Valve under the 
ſaid Veſſel; and after that the Heat of the Sun has made the Com- 
preſſion, and that one Part of the Water of the ſaid Veſſel ſhall de 
run out after the Sun has paſled the faid Veſlel, to fill again by the 
Valve, as has been betore taught. 

War I have to add more to this Chapter, is to acquaint my 
Reader, that what I have laid down before, is taken cither 
verbatim from De Caus, and other curious Authors, who have 
wrote on this Subject, and to introduce a Deſign, which I am 
told is in great Eſteem in 1{taly, I mean the Organ, which is play'd 
by a Water Fall from the Top of a high Rock, (Vid. Plate 
59. or 60. Page 352) which is, I think, in the Gardens of the 
Family of E/te at Tivoli, leaving this ſo curious a Piece of Hy- 
draulicks to the further Improvement of the Gentlemen whoſe 
Genius's lead them to the Seraphick Entertainments of Muſick ; in 
which I muſt own my ſelf not well acquainted. 
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NOTES on Book III. 
Of Engines for raiſing of Water, quenching of Fire, WC 


as contrived by ſeveral Engineers about Lo N DON. 


HA I might finiſh this 

Book to the beſt Advan- 
tage for the Publick I can, 
I thought it would not be 
unacceptable to my Rea- 
ders, eſpecially thoſe 
who live far in the Coun- 
try, to inſert the fol- 
lowing Accounts of Engines. 

I know in Engine-Work (as it is in 
moſt other Arts and Sciences) every par- 
ticular Artiſt has his Friends and Favour- 
ites, who are always very diligent in 
crying down the Performances of others, 
and exalting that of their Friends ; but as 
what I write, is rather calculated for the 
Publick Good, than fer any private Advan- 
tage of my own; 1 am refolv'd to keep 
an exact Neutrality amongſt theſe Gentle- 
men, and to give the Account verbatim, 
of every one of them (at leaſt thoſe 
which have come to my hands) a Place 
in this Undertaking, beginning with the 
Deſcription of that which firſt came to 
Hand, I mean that of Mr. Fowke in 
Nightingale Lane in Wapping, who makes 
all conſtant ſtream'd Engines for extin- 
guiſhing Fire, Cc. 

I. ConsTANT ſtream'd Eugines for extin- 
guiſhing Fires, the large Sizes play two 
Streams at once, being the firſt and only 
of their Kind, and does the Office of two 


Engines, and ſo contrived, as to be drawn 


through, and (if occaſion requires) work'd 
in a Paſlage three Feet wide, which no 
other can, and will feed themſelves by a 
ſucking Pipe. Their Movements are eaſy 
and natural, having a perpendicular Stroke, 
and is without either Rack, Wheel, Chain 
or Crank, whereby the Friction is leſſened 
more than any others, and conſequently 
requires leſs Strength, are more uſeful, 
and leſs liable to Ditorder and Decay, and 
much cheaper than any other; and there- 
fore are by judicious Perſons eſteemed 
preferable to all others. By ſcrewing a 
Pipe they water Gardens, diſperſing the 
Particles of Water for about 14 Yards 
ſquare, like ſmall Rain. The four largeſt 
Sizes run on Wheels, and the other two - 
carried by two Men like a Chair. The 
Number of Sizes, Quantities of Water 
and Diſtance delivered with their Prices 
as below. 

II. ENGIxXES which will work either 
by Water, Wind, Horſe or Men, and fo 
contrived, that cither may work at a time, 
or be aſſiſtant to each other, whereby large 
Quantities of Water may be raiĩſed, ſo that 
if the Height, Diſtance and Quantity re- 
quired be known, the Expence and 


Strength may be calculated fo as to ſerve 
Cities, Towns, Noblemen and Gentle- 
mens Seats and Fountains, Brewers, DiC- 
tillers, Dyers, and for draining of Lands, 
Ponds, and Mines of Lead, Coal, e. 
III. Puxpsg + 


352 

III. Puups which may be work'd by 
one Man, for raiſing Water out of any 
Wel!, upwards of 120 Feet decp, ſuſti- 
cient for the Service of any private Houle 
or Family, and fo contrived that by turn- 
ing a Cock, may ſupply a Ciſtern at the 
Top of the Houſe, or a bathing Veſſel in 
any Room ; and by ſcrewing a Leather 
Pipe the Water may be convey'd either 
up Stairs, or in at a Window, in Cale of 
any Fire. 

IV. ALL manner of Fancies in Foun- 
tains. 

SPECIMENS now in Practice, wiz. One 
made for Mr. Moſes Hart at Ifleworth, 
whereby 85 Barrels of Water in about the 
Space of half an Hour are thrown into a 
Ciſtern to the Top of his Houſe in a conſtant 
Stream, and with great Velocity, from a 
Rider 540 Feet diſtant, and about 40 Feet 
perpendicular. Another at Deptford, for 
the Service of a Diſtil-Houſe zear the 
King's Yard, which will raiſe 150 Barrels 
of Water in leſs than an Hour, about 30 
Feet perpendicular, with the like Stream 
and Force, and at the ſame Time (as Occa- 
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ſion requires) does the Office of anther En- 
gine Zo raiſe Waſh and Worts cor/iderably 
hizher ; both Engines cre performed with 
Laſe by one Ilos ſe. 

Alſo another made for Eſquire Savill, near 
Sir John Eyles a: Rumford, worked by 
two Men, that raiſes Water in the ſums 
conſtant Manner, through a Bore near tb 
Inches Diameter, 3 60 Yards Diſtauce, aud 
42 beet penpendicular. I th ſeveral other 
uſeful Engines, too tedious to mention. 

The Enconragement given by the Ilonour- 
able Board of His Miyjeſty's Victualling— 
Office, South-Sea-Company, and other 
Honourable Perſons, preferring their Þ ire- 
Engines to any others; and the Sati faction 
given to the Gentlemen before mentioned, 
Satfciently fhews their Excellency. Aud 
for the Satisfaction of any vob ſhall be de- 
firons of having Engines for the Services 
aforeſaid, by ſeading a Line to Mr. Fowke 
in Nightingale Lane, Wapping, ſ#zch Per- 
ſon ſhall be attended and made ſenſible, 
whether what he intends to have perſurmed 


rs feaſible, before he is at any Expence. 


— aac — 


Gallons of Wa- At what Num-l;, . L 40 Feet of Leather 
Sizes. ter delivered in ber of Yards Prices 2 — luck. Pipes, with a Pair 
a Minute. diſtant. * of Braſs-Screws. 
x . . 
9 40 27 14 O2 12 06 
2d. 50 31 20 20 26. 0 
3d, 70 36 30 03 6 oo 
Ath. | 100 40 40 e 35 80 
5th. | 160 43 50 9 4 -. 00 
6th, | 180 45 60 O04 10 oo 


Tux next Artiſt's Account I produce, is that of Mr. Richard 
Newſham of Cloth Fair, who makes the moſt uſeful, ſubſtantial, 
and convenient Engines for quenching Fires, Sc. 


Richard 
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| Notes on Book III. c 


Richard Newſham of Cloth- Fair, London, Engineer, 


MAKES the moſt zſeful, ſub- 
ſtantial, and convenient Engines 
for quenching Fires, which 
carries continual Streams with 
great Force. He hath play'd ſeveral of 
them before his Majeſty, and the Nobility 
at St. Fames's, with ſo general an Appro- 
bation, that the largeſt was at the ſame 
time ordered for the Uſe of that Royal 
Palace : And as a further Encouragement 
(to prevent others from making the ſame 
Sort, or any Imitation thereof) his Ma- 
jeſty has ſince been graciouſly pleas'd to 
grant him his ſecond Letters Patent, for the 
better ſecuring his Property in hie, and ſe- 
veral other Inventions for raiſing Water 
from any Depth, to any Height required. 
THe largeſt Engine will go through a 
Paſſage about three Foot wide, in com- 
plete working Order, without taking off, 
or putting on any thing: And may be 
wurked with ten Men in the ſaid Paſſage. 
One Man can quickly, and with Eaſe, 
move the largeſt Sixe about, in rhe Com- 
paſs it ſtands iu: And is to be play'd with- 
out rocking, upon any uneven Ground, 
with Hands and Feet, or Hands only, 
which cannot be parallel'd by any other 
Sort whatſoever. There is Conveniency for 
above 20 Men to apply their full Strength, 
and yet reſerve both Ends of the Ciſtern 
clear from Incumbrance, that others at the 
ſame time may be pouring in Water, which 
arains through large Copper Stratners. The 
Staves that are fixed through the Leavers, 
along the Sides of the Engine, for the Men 
to work by, though very light, as alternate 
Motions with qu, Returut require; 2 
will not ſpring and loſe Time the leaſt ; But 
the Staves of ſuch Engines as are wrought 
at th: Eads of the Ciſtern, will ſpring or 
break, if they be of ſuch a Length as is 
neceſſary for a large Engine, when a con- 
ſiderable Power is apply'd : And cannot 
be fix'd faſt, becauſe they muſt at all Times 
be taken out, before That Exgine can go 
through a Paſſage. The playing zwo 


Streams at once, do neither iſſue a greater 
Quantity of Water, nor is it ew, or ſo 
uſeful, there having been of the lite Sort at 
the Steel-yard, and other Places, 30 or 40 
Years ; and the Water being divided, the 
Diſtance and Force are accordingly leſſen'a 
thereby: That Mey of working not be- 
coming more putlick, is a vilible Proof, 
that it doth not anſwer; for with a ver 
ſmall Addition, any Engine will do the 
ſame. | | 

THERE is a Miſtake very common 
among ſuch as are not well acquainted 
with the Laws of Nature, and the Effects 
of Mechanical Powers, who imagine, that 
the more Purchaſe the Leavers have upon 
the Forcers in the Barrels (without an 
Regard to Time) the greater the Perfor- 
mance, both as to Lond of the Stream, and 
(Quantity of Water deliver'd; but "tis well 
known, that Notion is wrong ; for the 
greater the Purchaſe is, by applying the ope- 
rating Power, more diſtant from the Centre, 
the lower will the Motion of the Forcers 
be; which is conſiſtent with all Mechanical 
Effects; thus, What is gain'd by the Power, 
is loſt in Time. 

Tuosk who pretend to make the Forcers 
work in the Barrels, with a perpendicular 
Stroke, without Rack, Wheels, Chains, 
Crank, Pully, or the like, by any kind of 
contrived Leavers, or circular Motion 
whatſoever, with Je Friction, than if gui- 
ded and word by Wheel and Chains, (which 
of all Methods in the beſt,) do only diſcover 
their Ignorance ; they may as reaſonably ar- 
gne, that a great Werght can be dragg'd 
upon a Sledge, With as little S:r7exzth, as 
if drawn upon Wheels. 

THe approved Duration of thoſe Chains 
both from Water and Ruſt, has been ſuffi- 
ciently experienc'd for ſome Ycars, in ſe- 
veral Parts of this and other Kingdoms; 
but to inſtauce ſome Places at Home, parti- 
cularly at the Hand- iu-Hlaud, and other 
Aſſurance Offices, whoſe Buſineſs it is to be 


firſt and laſt at every Fire that happens in 
& 2 * the 
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2 
the Cities of London and Weſtminſter, and 


the Suburbs thereof; who conſequently 
with much uſing, muſt have throughly 
tried them. As to the Tredales, on which 
ths Men work with their Feet, there is 20 
Method ſo powerful, with the like Velocity 
or r and more natural and ſafe for 
the Men : Great Attempts have been made 
to exceed, but ae yet could equal this 
Sort ; the fifth Size of which hath play'd 
above the Graſhopper upon the Royal Ex- 
change; Which is upwards of 55 Yards 
high, and this iu the Preſence of many thou- 
ſand Spectators. 

Thoſe with Suction feed themſelves with 
Water from a Canal, Pond, Well, &c. or 
out of their own Ciſterus, by the Turn of 
a Cock, without interrupting the Szream. 
They are far leſs liable to Diſorder, much 
more durable in all their Parts, than any 
extant, and play off large Quantities of 
Water at the Diſtances under-mentioned, 
either from the Engine, or a Leather Pipe, 
or Pipes of any Length requir'd; (zhe 
Screws all fitting each other) This the cum- 
berſome ſquirting-Engines, which take up 
four times more Room, cannot perform ; 
neither do they throw one fourth Part of 
their Water in the Fire, at the like Diſtan- 
ces, but /oſe it by the Way; nor can they uſe 
Leather-Pipe with them to much Advan- 
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tage, whatever Neceſſity there may be 
or it. 

TnE five large Sizes go upon Wheels, 
well box'd with Braſs, fitted to ſtrong 
Tron Axles, and the other is to be carried 
like a Chair. — heir Performances are 
as follow, and the Prices fix'd fo, as 79 
induce me Nobility, the Commons, Cities, 
Boroughs, Corporations, Towns, Col- 
leges, Hoſpitals, Companies-Halis, Pa- 
riſhes, the Gentry, and others, who have 
not furniſhed themſelves therewith, to be- 
come acquainted with this uſeful Invention, 
for their Defence againſt deſolating Fires. 

THESE Engines will alſo, by putting 
the Fan upon the Branch, water Gardens 
like unto Rain. 

HE makes ſome ſmaller Engines, from 
6 J. to 19. J. Value, and Machines for em- 


ptying Ponds to raiſe Water, Hot-Worts, &c. 


and Water-Works for any Purpoſe, to be 
work'd by Water, Horſe, or Man; or by 
Wind, on a conſtant Speed, tho' it blow 
unequally, which of themſelves always 
keep their Sails to the Wind: Alſo Foun- 
tains, that will play Columns of Water 4 
Inches Diameter, 40 Fot high, with one 


-1oth Part of the Water, and Power to 


force it, as is required in other Jets of the 
like Size and Height. 


[ | What Quanti-|Quantity diſ-At what EY Price with Su. Price of the Leather | 
Number of | ty of Water] charged perl ber of Yards;Price without] ction, and 6] Pipes, each Pipe as 
Sizes. the Ciſterns] Minute ol Diſtance. Suction, Foot of Suck-| Foot long, with a Pair 
hold in Gal-] Gallons, ing-Pipe in-] of Braſs Screws in- 
lons. | cluded, cluced. 
I 33 174. 20 l. 5 Cabs. 
| 2d. 75 75 35 26 30 5 3 
„ 10 40 30 135 3 5 
Ach. 125 125 1 40 3 7 
5th. 176 160 48 3 70 3 17 
6th. 185 190 50 55 8 5 | 
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POSTSCRIPT by way of Notes on Book III. ye. 
lating to the Riſing of Water in Pumps. 


O compleat this Collection of Hy- 
dranlicks, I add, by way of Poſt- 
ſcript, an Obſervation which I 
have long made concerning the Practitio- 
ners in the Art of Pump-work, who dit- 
fer very largely from each other in their 
Opinion, relating to the proper Length or 
Fall of Piſtons in Pumps; thoſe who are 
for making the Stroke long, v2. 3, 4, or 
5 Foot, or ſometimes more, urge the Ne- 
ceſſity there is to force up large Quantities 
of Water to great Heights, and ſay, that if 
there is not ſuch a Thruſt, the Water will 
recede backwards again, and not riſe up 
with that Uniformity which is requiſite in 
Works that go continually; but others 
are of a different Opinion, and, amongſt 
them, Mr. Neuſbam of Cloth-Fair tells us 
in his printed Propoſals, That whaz rs got 
in Purchaſe is loſt in Time; and indeed I 
cannot but be of the ſame Opinion as this 
laborious Engineer is of, and think, that 
where there are 3 or 4 Leavers con- 
ſtantly at Work, there is no Occaſion for 
long Strokes, unleſs it be where there 1s 
only a ſingle Piſton, as is in the York- 
Bxildings Engine; and there indeed a 6 
Foot Stroke is neceſſary, in order to the 
giving the Water in the Pipes- its full 
Force. | 
Mariotte, * 105. of his Hydroſta- 
zicks (Engliſþ Edition) makes uſe of an 
Algebraical Calculation for the railing of 
Water in the following Manner. Sup- 
poſe, (ſays he) the Barrel to be 12 
Foot above the Surface of the Water, 
that you would raiſe ; and ſuppoſe that 
you have a mind to raiſe it to this 
Height of 12 Foot by one Stroke of 
the Piſton, you muſt make this Analogy : 
As 20, the Complement of 12 Foot, is 
to 32; ſo is 12 Foot of common Air 
to a 4th Proportional ; this 4th Proportio- 
nal will be 19 35, which ſhews that the 
Barrel of the Pump mult be pretty long to 
raiſe the Piſton 19 Foot +4 above the 12 
Foot, in order to raiſe the Water 12 Foot, 


by only one Stroke of the Piſton ; but if 
the Play or Stroke of the Piſton were li- 
mited to 2 Foot, you mult ſay; As 42—A 
is to 32, fo is 12—A to 14—A. The 
firſt Term is the Complement of the un- 
known Height to which the Water will 
riſe, to 32 Foot of Water; which is the 
Weight of the Atmoſphere : The third 
Term is the 12 Foot minus that Height, 
and the Fourth is the 2 Foot that the Piſton 
riſes, join'd to 12 Foot minus the fame 
Height. Now the Product of 14 — A, 
by 32 — A, is 448 — 46 A+AA, and 
the Product of the two middle Terms is 
384 —32 A; the Equation being reduc'd, 
there will be an Equality betwixt A A and 
14 A — 64; and becauſe 64 cannot be 
taken fron 49 the S.,uare of 7, which is 
half the Roots, *tis a Sign, that in con- 
tinuing to pump, at ſeveral times you may 
raiſe the Water up to the Piſton ; and to 
know how far it will riſe the firft Stroke, 
you mult ſuppoſe that the Piſton is riſen 2 
Foot; there will be an uniform Barrel of 
14 Foot; and according to the Rules laid 
down in his Eſſay upon Logick, and his 
Treatiſe of the Nature of Air, which makes 
this Calculation. The enclos'd Air was 
12 Foot; 12 Foot + A is to A, as 32 to 
2 — A; the Equation being reduc'd, you 
will find that A A will be equal to 24 — 
42 A; and at laſt, that the Value of 
the Root will be a little leſs than £; 
which being taken from 2, there will re- 
main 1+ and a little more; and conſe- 
quently the Water will by the firſt Stroke 
of the Piſton riſe but one Foot +, and a 
little more, 

Ir you had ſuppos'd the Play of the 
Piſton to be one Foot, you might know 
by the ſame Calculation how high the Wa- 
ter would riſe by the firſt Stroke of the 
Piſton ; and if you would know to what 
Height it may riſe after ſeveral Strokes, 
you mult ſay, As 32 — A is to 32, ſo 12 
Alis to 13 — A; the Equation being 
reduc'd, you will find 13 A 32 equal 
3 to A 


+ 4 + 4 PI I I 
— —— — I 


8 


4 


to A A. The Square of 6 the Half of 
the Root is 42 1; from which ſubſtraQing 
32, there remains 10 4, the Root of which 
is 3,4, a little leſs: Lake that from 62, 
and there remains 3 and ,; add that to 
6 2, and it will make 9 £4; and theſe 
3 ½ and 34 will be the two Roots; 
Which ſhews that the Water can never riſe 
when the Barrel is empty, above 3 foot 7, 
and a little more, tho* you play the Piſton 
as long as you pleaſe ; but if you had fill'd 
the Barrel 9 Foot 31, you might make the 
Water riſe 12 Foot compleat by ſeveral 
Strokes of the Piſton. | 

LET us ſuppoſe now that the Barrel is 
14 Foot up to the Piſton, and that the 
Stroke of the Piſton is 2 Foot; 32 — A 
will be to 32, as 14 — A to16 — A. 
To find the Equation eaſily, you mult 
multiply 32 by 2, the Difference of 14 
and 16: The Produ& is 64 for the abſo- 
late Number, and that of 16 A, will be 
the Number of the Roots, and A A will 
be equal to 16 A—64; the Square of 
half the Root is 64; from whence ſub- 
tracting 64, there remains o, whoſe Root 
is o, which being taken from and added to 
8, ſtill makes 8; which ſhews that there 
is but one Roct, and that the Water can't 
riſe above 8 Foot; but if you make the 
Piſton play ever ſo little higher than 2 
Foot, the Water will rile 14 Foot. The 


Analogy is eaſy ; for the Piſton being rai- 


ſed 2 Foot, the Barrel will be 16 Foot, 
and that Water being at 8 Foot, there will 
remain 6 Foot of Air ; but 32 is to 24 the 
Complement of 8 Foot to 32, as 8 Foot 
of rarified Air to 6 Foot of common Air; 
then the Water will raiſe no higher than 
8 Foot, if the Piſton plays but 2 Foot. 
THENCE you ſee, that to draw up Wa- 
ter to a conſiderable Height, as 20 Foot, the 
Breadth of the Pump-Barrel muſt be dimi- 
niſh'd, and a ſufficient Space mult be al- 
low'd for the Stroke of the Piſton ; for, 
ſappoſing that the Surface of the Piſton be 
4 times broader than the Baſe of the Bar- 
rel, the riſing of the Piſton x Foot, will 
have the ſame Effect as if it roie 4, if the 
Diameter of the Piſton were only equal 
to that of the Barrel; if then the Srroke 
be a Foot and a half, it will be the ſame as 
if it roſe 6 Foot, and were of the ſame 
Breadth ; Now the 4 Terms of Equation 
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being 32 — A; 32, 20 — A, 26 4, 
there will be 6 times 32, v:2. 192 for one 
Term of the Equation, and 26 A for the 
other, according to what has been faid ; 
there will be then A A equal to 26 A — 
192; the Square of half the Roots is 169 
leſs than 192; and conſequently if you 
pump a long time, you may raiſe the 
Water 20 Foot. 

IF in the Example above-mention'd, you 
take 8 Foot for the higheſt Term of the 
Water, when the Barrel is 14 Foot, and 
the Stroke of the Piſton 2 Foot, 'tis eaty 
to prove, that if you ſuppoſe 9 Foot of 
Water upon the Clack, it will continue to 
riſe by the playing of the Piſton 2 Foot; 
for there will remain 5 Foot of Air. Now 
there is a lels Proportion betwixt 5 and 7, 


than there is betwixt 27, the Complement 


of 5to 32, and 3a, and conſequently the 
Water will riſe higher than 9 Foot The 
Proportion will (till be more unequal, if 
you take 10 or 11 Foot; and if you take 
7 inſtead of 8 Foot, the Water will ill 
riſe, for there will remain ) Foot of Air; 
now 25, the Complement of 7 to 32, is 
to 32 as 7 to 8 27; then if the Piſton goes 
2 Foot, it will raiſe the Water higher than 
7 Foot; it will riſe ſtill more eaſily, if 
you pour in only 6 Foot of Water; for 
there will be 8 Foot of Air. Now the 
Complement 26isto 32 as 8 to 9 23; then 
it inſtead of 9 #;, which makes the Equi- 
librium, the Piſton goes 1o Foot, it will 
make the Water riſe ſtill better than when 
it was at 7 Foot; and better ſtill than when it 
is at 5 Foot, c. If you would know what 
Play the Piiton muſt have to raiſe the Water 
30 Foot, you mult take a Number a little 
greater than the half of 3o, as 16, at which 
Point pretty near the Water, will rite 
with the greateſt Difficulty; the Comple- 
ment is 16, the Remainder of Air is 14; 
2s 16 is to 32, ſo is 14 to 28. The Piſton 
then mult riſe 14 Foot; or if the Barrel be 
2 Inches Diameter, the Piſton muſt be 7 
Inches 3; for the Square of ; is 56 4 
which is a little more than 14 times 4 the 
Square of zilnches; and then it will be ſuffi- 
cient that the Stroke of the Piſton be one 
Foot; but as it is ſtill more difficult at an 
Elevation of 18 Foot, the Piſton muſt be 8 
Inches Diameter, to raiſe the Water above 
18 Foot, when its Stroke is but one Foot. 
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CH AP. XXX. 


A General Introduction concerning the Coming-in of Water from 


Engines, or Springs, and the Expence thereof in Caſcades and 
Fountains. 


SK 1 highly behoves all Perſons that would have their Wa- 
B26 terworks to ſucceed well, to make the exacteſt Calcula- 
tions they poſſibly can, what Water their Engine or 
Spring will ſupply them withal; rhat ſo they may re- 
gulate the Extent of their Pipes of Conduct, Sheets, and 
„Jets of Water, Gc. ſince it would be a great Diſſatisfaction and 
2 2 Wn Reproach 
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Reproach to the Owner of any Waterworks to have fine Grotto- 
Work, Caſcades, and other Inventions of this Kind, and not to 
bave Water to ſupply them withal. | 

Bu r by this Supply I would not be underſtood to mean a con- 
tinual Cadence or Current of Water, that being to be had but in 
few Places, except on low Grounds, where Rivers, at leaſt Rivu- 
lets, have their Courſe: Nor can I readily ſubſcribe to thoſe that 
value no Caſcade or Fountain, except they play continually, ſince 
that would be limiting Waterworks to a few Places only, and 
would be the debarring many a pleaſant Situation of that which is 
one of the greateſt Beauties of it; I mean that of fine Water, 
eſpecially if to it be added the Cadence and Murmuring of Streams, 
in Grotto, Rock, Caſcade, and Fountain-Works , which, tho* they 
do not play always, yet have their proper Times of Diverſion, in 
all hot and ſultry Weather, and in the Lawns and other interme- 
diate Spaces of Woods, Groves, and other Places of Delight ; and 
the Experience we daily have of the vaſt Quantities of Water that 
good Engines produce, (which when emptied into Reſervoirs or 
Ponds, well clay'd, afford ſurprizing Quantities of Water, enough 
to ſupply not only Cities and Towns, but alſo large Baſons of 
Water,) confirm what I offer on this Head. 

No , for the better underſtanding this Art, it will be requiſite 
that the Owner and Projector be rightly inform'd how many In- 
ches of Water his Engine or Spring will give in a Minute, or an 
Hour, and conſequently how great a Quantity in twenty four Hours; 
that ſo he may compute how wide his Caſcades, Fountains, or his 
other Expences of Water that are required may be, and how long 
the Supply that arrives in twenty four Hours will play: One or two 
Hours, at moſt, in a Day, is generally ſuppoſed ſufficient; and for 
the Thickneſs of Water over a Caſcade, half an Inch is enough; 
and from Preliminaries ſo eſtabliſhed, may alſo be readily calcu- 
lated, how much ſuch Caſcades may be contracted and enlarged, 
To proceed to the Theory or Motion of Spouting Water, Sc. 

Tu k learned Graveſende, Book II. Part 2. Cap. 8. of his Ma- 
thematical Elements of Natural Philoſophy, ſays, That a Liquid 
ſpouting vertically out of a Hole, ariſes up with that Celerity, with 
which it world come up to the upper Surface of the Liquid, yet it 
never comes up to that Height : Becauſe the Velocity of a Liquid 
inzreaſes, when the Depth of the Hole below the Surface of the 
Liquid increaſes, in the ſame Ratio as the Celerity of the falling 
Body increaſes, when the Space gone through by the Fall increaſes; 


and it is remarkable, that in the Beginning their Velocities are equal . 
or 
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for in a Liquid the upper Parts, as well as thoſe in a Body, endea- 
your to deſcend by Gravity only. 

Now the Celerity by which a Liquid aſcends is diminiſh'd every 
Moment, and the Column of the ſpouting Liquid conſiſts of Parts, 
which are moved to different Heights by different Celerities: All 
the Parts of a Column, which is every where of the ſame Thick- 
nels, are neceſſarily moved with the fame Celerity ; the ſaid Co- 
lumn will be every where broader every Moment, as the Celerity of 
the Liquid is diminiſh*d, which ariſes from the Impulſe of the Li- 


quid following, and which, from the Nature of a Liquid, yields to 


every Impreſſion, and is eaſily moved every Way; and by that 
Impreſſion the Motion is retarded every where. 
econdly, This Motion is alſo diminiſh'd by the Liquid, becauſe 
when it has loſt all its Motion, it is hang'd up in the upper Part 
of the Column, and is ſuſtained for a Moment by the Liquid that 
follows it, before it flows oft on the Sides, which retards the Li- 
quid that follows it, and that Retardation is communicated to the 
whole Column. | 
Thirdly, This Motion of the Liquid is alſo diminiſh'd by the 
Friction that is againſt the Sides of the Hole, which Friction is 
increaſed when the Liquid is brought through Pipes and Cocks : 
And, /aſily, the Reſiſtance of the Air ſtops the Motion of all Li- 
quids ; the firſt Cauſe cannot be correted, but the ſecond may, by 
ſomewhat inclining the Direction of the Liquid, (as by laying the 
Pipe on a Slope, ) becauſe every Liquid riſes higher, and conſequent- 
ly gives more Water, if it be a little inclined, than if it ſpouts 
vertically. This Celerity, and conſequently the Quantity of this 
Water, is likewiſe expedited by the n of the Reſervoir (or 
Impulſe and Force of the Engine) from which it proceeds, as well 


as from the Largeneſs of the Apertures or Holes of the Adjutages 


and Pipes of Conduct, to which they are faſtened, which cauſes the 
Water-Spouts to go the quicker; and the Expence of Water through 
the ſame Paſſage is according to the Proportion of the Celerity or 
Velocity (call it which you will) it has in flowing out; and this 
Expence (as Marriotte ſets down, Diſcourſe III. Page 172.) is ac- 
cording to the duplicate Ratio of the Diameters of the Holes, which 
he has demonſtrated in the following Manner. 

AB (Fig. 1. Plate V.) is a Plane with a round Hole bor*d in at 
ef, CD is another Plane bor'd with another Hole, though leſs, at 
£9; I Lis a Cylinder paſſing through the Hole e f in a certain 
Time, as in two Seconds, according to an uniform Velocity; M N 


Z z 2 which 


is another Cylinder of the ſame Length, but the Baſe much leſs, 


. 


„„ 
- - 


pur — — — ae 
* * 1 — * " 


p_ OT 


— 


356 Au Introduction to a General Syſtem 


which alſo paſſes entirely through the Hole g in two Seconds. It 
is manifeit, that if the Diameter E F of the Cylinder I L, which is 

equal to that of the Hole, be double the Diameter of g H, the great 
Cylinder will be four Limes as big as the other, ſince they are to 
one another as their Baſes, each of which 1s ſuppoſed to be equal 
to the Hole through which they pats: Now ſince they have the 


{ame Velocity, when the half of the great Cylinder is paſſed through, 


the half of the little one will alſo be gone through; and that which has 
pailed of one and the other, will be always in the ſame! ropor tion of 
4 to 1: Then it we ſuppoſe thele Cylinders to be Warer-Spouts 
that have the ſame Velocity, there will always ſpru Hur Times as 


much Water from the great Hole as from ttc little Vhich is 
in a duplicate Proportion of tne Diameters vi the toe; A quit fo 


in reſpect oi other Propoicious. 

FROM which Mai he draws the N 

Firſt, That a Reſery utory, Or Ciitern, 12 Foo 4 Inches deep, 
yielded through an Hole, exaciiy of 3 Lines Diameter. 14 Pi u 
61 Seconds and a halt, or, in other Words, in one Miau, one 
Second and a half, if continually kept full, that che Height of Wa- 
ter might preſs upon it; and though exactly of 6 Lines, it will 
yield the ſame Quantity in 15 Seconds and a half, which is almoſt 
according to the duplicate Proportion of the Diameter; for it would 
have yielded 56 Pints and a half in about the Time of 62 Seconds. 

Secondly, That a Reſervatory of 24 Foot 5 Inches deep yielded 
through the ſame Hole of 3 Lines 14 Pints in 44 Seconds and a 
half; and in another Time in 45; and the Hole of 6 Lines yielded 


Ss 


the ſame Quantity in 11 and almoſt 1 quarter; and having repeat- 


cd the Experiment, it yielded it in 12 Minutes preciſely. 

From whence, as well as from innumerable other Experiments 
that might be produced, it appears, that the Expence of Water 
coming into, or going out from one Reſervoir to another of equal 
Height, is in a duplicate Ratio of the Diameter of the Holes, the 
Diameter ly ing about ſeven Lines below the Surface of the Water; but 


when the Heights of the Water in the Reſervoirs are different, the 


higheſt give more than the others in a ſubduplicate Ratio of the 


Heights, that is, as the leaſt Height to the mean Proportional be- 


twixt it and the great Height. 

Torricelli, in his Treatiſe of the Motion of Water, (as Marriotte 
ſets down, pag. 180.) has given a Demonſtration, which ſeems 4 
Propos to the preſent Purpoſe; when he ſays, That if a Reſervatory 
AB CD, has a little Hole of four or five Lines at the Bottom at E, 
(Fig. 72. Plate 5.) and the Water being at the Height of the Line 


A B, 


Þ 
7 

. 

3 
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A B, may run out in 10 Minutes without pouring in any more, in 
its Deſcent it will paſs through unequal Spaces in equal Times: ſo 
that if you divide the Line BC into 100 equal Parts, during the 
firſt of theſe Minutes, it will deſcend 19 of theſe Parts, during the 
Second 17, during the Third 15, Sc. and fo on, accord ing to a Se- 
ries of odd Numbers, down to an Unit; fo that the laſt Part will 
go out in the laſt of 10 Minutes. | 

TuE Reaſon of which is founded on what is before ſet down, vs. 
That the Velocities of Running Water are in a ſubduplicate Ratio 
of their Heights; and conſequently, that they are to each other as 
the Ordinates of a Parabola A B C, beginning at the greateſt A B, 
and ending at the Point C; which cauſes the Spaces paſſed through 
in the ſame J ime, by the Surface of the Water A B, to be as the Se- 
ries of odd Numbers, beginning at the greatelt ; which will be 


diſcovered more plainly in the Tables that will by-and-by be pre- 


ſented to View. 

AGs:tA3LE to Experiments of this Kind, the ſame Torricelli 
propoted (though he never finiſhed it) a Problem, to find a Veſſel 
of 1uch a Figure, that being pierced at the Bottom with a ſmall 
Hole, the Water ſhould go our, its upper Surtaces deſcending from 
equal gets in equal Times. As ſuppoſe in the Conoidal Figure, 


Fig. 1. Tab. ſeq. BL is to BN as the ſquared Square of LM ĩs to the 


ſquared Square of N O, and BN to BH as the ſquared Square of 
N © to the iquared Square of H K, and fo on; the Water will de- 


ſcend from A D C unttormly, till it comes to the Hole at B; for, 


let BP be the mean Proportional between B D and BH, ſince the 
Square ſquared of KH and of DC, are to each other as the Heights 
BH, BD; the Squares of HK, DC, will be in a ſubduplicate Ra- 
tio of BH to BD, or as the Heights BP, BD; but the Velocity 
(and conſequently the Quantity of Water) that goes out at B, by 
Reaſon of the Preſſure of BH, is in a ſubduplicate Ratio of B D, 
BH, that is to ſay, as BP to BD; therefore the Velocity of the 
Water deſcending from H is to the Velocity of the Water deſcend- 
ing from D, as the Square of HK 1s to the Square of DC: But 
the circular Surface of the Water at H is to the circular Surface of 
the Water at D, as the Square H K to the Square of D C; there- 
fore they will deſcend and run out one as faſt as the other: And is 
the Surfaces A D C run out in a Second, the Surface G H K will 
run out in a Second likewiſe, ſince the Quantities are as the 

Velocities. 
Tu = ſame Thing will happen to the other Surfaces at E and E, 
Sc. but the Hole at B muſt be fo regulated, that no conſiderable 
1 Acceleration 
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Acceleration may be made, and that the Water may not go out of 
the Hole irregularly, but in exact Proportion to its Weight. And, 
as Marrztte oblerves, that ſuch a Veſlel will or may ſerve for a 
Clepſydra or Water-Clock, an oblong Reſervoir of that Shape may 

be of excellent Uſe in the Driving of Mill-Wheels where Water 
1s ſcarce, and the Opening is at the Bottom of it. 

B r to return from this ſhort Digreſſion, to which I have been 
inſenſibly carry'd, it is plain, from the foregoing Experiments, that 
the Supply of Water, which comes from one Place to another, is 
according to the different Sizes ef the Spouts or Pipes of Conduct 
from which it proceeds, and according to the different Heights of 
the Head-Spring or Reſervoir from whence it falls; becauſe it is 
by the Dillerence of the Velocity or Force of Water, proceeding 
from Heights greater or leſſer, that the Quantity of Water proceed- 
ing therefrom is either greater or leſſer; for the exact Calculation of 
all which, the World is obliged to that curious and moſt exact Cal- 
eulator of Fluids Monſieur Marriotte, in his late excellent Trea- 
tiſe, tranſlated by the Reverend Dr. Deſaguliers: But (as has been 
before noted) the French Meaſures differing pretty much from ours 
in England, it will be proper to ſay from the toregoing Tables, 
that the French Pint (ſomething near our Quart) is to our Znglſþ 
Pint as 36 to 52; that the Paris Muid is to our Engliſh Hogſ- 
head as 504 to 654; that the cubick Foot French is to our cubick 
Foot as 16 to 15, or rather, as their Squares 4096 are to 3375: 
That their Ounce, and conſequently their Pound, and-other Weights, 
are to ours as 93 to 100. And, finally, that the Weight in Pounds 
of a cubical Foot French, is to the Weight in Pounds of a cubical 
Foot Engliſh, as 79 is to 65, or thereabouts. So that if a Column 
of Water of 12 Foot high, and halt a Foot ſquare French, weighs 
2:04. the ſame Number of Water in Engiſh Feet (being ſmaller 
than the French) will weigh but 1724. 33. 


Tux next Chapter illuſtrates the Practice of what goes before. 


CHAP 
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A farther Calculation of the Coming. in of Water from Engines, 
or otherwiſe. 


E are now come to the real Calculation of the Motion of 
Fluids or Water in Pipes, which by the Rules Marriotte and 
others have laid down, will (through a Bore of three Lines, com- 
monly call'd an Inch of Water) give 14 Pints in a Minute, and 
conſequently, 3 Paris Muids about 2 Hgds. + Eugliſb in an Hour, 
and 56 Engliſh Hogſheads in 24 Hours, provided the Diſtance and 
the Friction occaſion'd thereby be not too great, and that the Top 
of the Reſervoir lie ſomething above . the Hole or Spout, out of 
which the Water proceeds; horizontal Jets giving more than thoſe 
that ſpout upwards, and leſs than thoſe which ſpout downwards ; 
as Reaſon and Experience demonſtrate. | 

AGREEABLE to this Rule of 12 Foot or 13 Foot high, above, 
the Hole of an Adjutage of 3 Lines will give an Inch of Water, 
that is 14 Pints Flenck, about 20 Pints Engliſh in a Minute, as 
above, as it bouts upwards, and when the Reſervoirs have the 


fame Height, bat different Adjutages, the Expence of the Water 
will be in the fatae Proportion as the Holes of the Adjutages, hat 
27 as: the Squares of the Diameters of the ſaid Holes. Thus, if a 
Reſervoir of 13 Foot has an Adjutage of 6 Lines, and the Pipe of 
Conduct be, as it ought, 4 Times the ſame, that is, 2 Inches, it 
will give 4 Inches of Water: And if it is a Hole of one Inch Bore, . 
the Pipe of Conduct being 4 Times as much, it will give 16 In- 
ches in ſpouting upwards, provided the Pipe of Conduct which 
brings down be of a ſufficient Bore all the Way, according to - 


theſe Rules. 


Ix order to calculate the Expence of Water, take the Square off 


3, which is 9, and if the Adjutage has a Diameter of five Lines, 
you muſt work thus by the Rule of Three; ſaying, If 9, the Square 


of 3, gives 14 Pints French in a Minute, how much will 25, the 


Square of 5, give? and the Anſwer will be 38 5, being near 395: 
according to which the following Table is made. 


A Table 


— 
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A Table of the Expence of Mater in a Minute through Spouts of 
arfferent Bores, the Reſervoir 12 Foot high. 


Pints French. Pints Engliſh, 


Through anAdjutage of 1 Line Diameter 1 2 22 
2 Lines 6x 95 

3 Lines 14 203 

4 Lines 25 365 

5 Lines +: 50+ 

6 Lines 56 803 

7 Lines 76 1097 

8 Lines 110 1583 

9 Lines 126 1844 

10 Lines 15 5 2233 

11 Lines 188 271% 

12 Lines, or 1 Inch, 224 3224 

To return to Practice, according to the afore- men, e Fable, 


if a Pipe of an Inch Bore give 224 Pints Frenc or rather 323 
Pints Eugliſb in a Minute, how much will a Lips v. 2 Inches Bore 
give? State the Queſtion thus : | 


If 1, the Square of 1, give 323, What will 4, rhe Square of 
2 give? Anſwer 1292 Pints Engliſh. See the Operation. 


323. 4 
— 
1292 


— 


WHEN the Heights of Water in Reſervoirs are different, the 
higheſt give more than the others in a ſubduplicate Ratio of their 
Heights, that is, as the leaſt Height is to the mean Proportional 
bet wixt it and the greateſt Height. 

ACCORDING to this, if the Surface of the Water of the loweſt 
Reſervoir is 3 Foot high, and the Spout 3 Lines, you muſt take 6, 
which is the mean Proportional between 3 and 12; and becauſe 6 
is to 3 as 14 is to 7, it may therefore be concluded, that 1 Re- 

ervoir 


| 
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ſervoir of 3 Foot high will give 4 an Inch of Water, that 1s, 7 Pints 
French, or 10 Pints near 4 Engliſh, through a Hole of 3 Lines; if 
the Height was of 4 Foot, you mult take 48, the Product of 4 by 
12, whoſe ſquare Root is near 7; then ſay, as 12 is to 7, fo is 14 
to a Number unknown, which by the Operation appears to be 8 3; 
and ſhews that ſuch a Jet will give 8 Pints 4 French, about 11 


Pints 4 Engliſh, in a: Minute; and on Calculations of this Kind the 
following Table depends. | 


Foot Pints French Pints Engliſh 
A Reſervoir of 6 high gave IO 144 nearly 
8 11 155 
9 123 175 
10 12; 172 
12 14 205 
15 1557 215 
18 175 2244 
20 182 20863 
25 205 275 
30 2235 32 
35 24 fere 343 
40 253 361 
45 275 8 
48 28, or 2 Inches 405 


Now, to explain with the curious Marriotte, and his learned 
Tranſlator, what is meant by an Inch of Water, as in the laſt Line, 
where there is ſet down 28 Pints, or two Inches; it is ſufficient 
to obſerve, that it is an Unit, or Term, that Marriotte chooſes to 
expreſs himſelf by, as he has done before, When he ſays, that if a 
Spring gives 7 Pints French, onwards of 14 Pints Engliſh, in a 
Minute, it may be faid to give an Inch of Water: If it afford 14 
Pints French in half, or 20 Pints Eugliſb in a Minute, it may be 
ſaid to give two Inches, and ſo on. 

Bu T it muſt be noted, that when you make Tryal of any of 
the aforegoing Experiments, whether they are deſigned to demon- 
ſtrate French or Engliſh Meaſures, you muſt make the Hole 1 Inch 


A a | and 


— ©... 
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and 1 Line, or 1 Inch , Diameter, very nearly, the French Inch 
being pretty near as 13 to 12 is to ours Engliſb. 

I T having been proved then, by dividing 144 by 9, that a Bore 
of an Inch Diameter will (according to the Proportions before re- 
cited, being 16 Times as large as a Bore of 3 Lines, coming from 
a Reſervoir 12 Foot high) produce 224 Pints Paris Meaſure, or 
about 324 of Engliſh Meaſure in a Minute; and that all other 
Heights in the aforegoing Table mult conſequently follow the ſame 
Proportion, I have calculated the Table that follows, in which will 
be {cen the Quantity of Water, Enugliſhß Meaſure, that any Reſervoir 
will give, from 48 to 6 Foot high, according to the different Sizes 
of Piping, from x Inch to 8 Diameter: The firſt Column is the 
Height of the Reſervoir, and the other ſeventeen the Diameters of 
the Pipes. 

AN d from this and what goes before it is plain, that moſt Calcu- 
lations relating to the Coming-in and Going-out of Water, may be 
ſolved ; only it muſt be obſerved in all Diameters or Bores of Pipes, 
they muſt be made according to the French Inch, which is to ours, 
as the Square of 16, which 1s 256, 1s to the Square of 15, which 
is 225: Say we then, as 225 is to 226, ſo is 144 to a fourth Num- 
ber required, which is 174, the Square whereof is very near 13 
Lines 3, or 1 Inch , + Line: And ſo much muſt the Diameter 
of the Inch Pipe be, to anſwer the following Table; if 2 2 Inch 
FIDE, it muſt be 2 Inches 3 Lines; it a 3 Inch Pipe, 3 Inches 4 Lines 2, 
and 10 on. 


N. B. In what is ſet down in the following Table, proper 
Allowance is made for Friction, or rather the Inter poſition of the 
Air; but as the Valves before mentioned are now much in Uſe, 
that Friction or Interpoſition of Air, call it which you will, will 
be in a great meaſure taken off; and theſe Clacks, or rather Valves, 


may be uſed in Leaden, Wooden, or Iron Pipes, as well as Clay; 


ſo that the following Table, if it does err, yet is an Error on the 
right Side, and the Quantity of Water here ſet down, with the 
reſpective Heights to which it has been ſaid to riſe, will certainly 
be enough. 


— — — —— (w— — 


* 
rn 
Dr, ,, re eee. 
11717 
Ir 


. 
4 " 
, 


19 


177 
i Tt 
off 


, 
TILL 
TTTLL 


22.2 


„. << „„ * - 
d bs 25 5 95 5 6 IT ö 


nenn 16% % 00 954 p * ' * 1 
7 , ty * 4944 37 
AITTLLAL SFOLETERL 0A Codd ep ect "7 1 „714 145 726 1999977 iu Ante 
TIL A 7777705 eee ee eee OT rem 
# 
7777 732557 77 7 lee $110 ether ate e Irn 
9 1 1 „„ . TY F 4 YELL TIE MELO TTY TL PE EU YYLAAL III 1% % d d l l e l eee e een eee 
WETILEIT „„ „ „„ Eb 4+ Vis os 0 rn rte tree Written . 
, DOTY ELLE %%% „ % %%% %%% % 1 „ „„ 5 Dre 2777 % 111 auf app at %%% % % „ lee eee eee eee eee eee eee 
656% %% %%% %, WET" LROOLOLO TL % %%“ HAT ILL Tr rs rtr 5555568989895 7, 
1 ien „e 1174 4 „ 11 3 „ „„ NTETILE EIT EE TALTIALOALELD 1404 Narr oerl 


11460 J\ 8 1 - 
TYLITLLALAET. )> JJ 7 | 2 - — 
15477 V , 7 = = -———— —— r —-T: . nn—_—_ — ———_— — 
. ; —  — PL . —— . — —— 
1 Ar f — —— — x. — — 8 = = 
111 
111% 
74 ½½ %%% 1 79 79069 Wiler 171% „e 796 919% % % „. %%% %% lee „ I HIYF fr orfl l 
. * 
TM.. 17144 eee eee 4 YOON 7399 W - 
[ 11 14 „%% % „% „„ 117 111% „lee 
Wp 779.5 5899575914 eee 1 29% Wee 2177177 


nne 
” , 177477 14 Wwe 


1 n 10 i of 
Wo 1 70 Mu, 44,001 LL 


, [ ISTIITYT 11% 
wg geagh veetreet eee 09s 11147 gen 44% 1 1 214 17 17 7 5 10441 


— — 
— os 2" 
ent 28 * 
3 5 0 


1 — a, a» 
0: 32-0 0-2 
*, 2 


363 


of Hydroſtaticks and Hydraulicks. 


*2jodaing ri 40 poꝛrinoſro ↄ q οννjjM saſqr L 212 ur punq; 
2q 1114 αννỹ,ãe © preqjSoH vu, $2urq jo 22qungy o Aq opfarp ynw nod +26 pray 


* . 
—_—_— -- 8 


-JOH OJUI {ITEM 2INPpdil Oi: alnea gy du Szurd dar polo daoqu sa qum N 2 [, ©2027 


89186 Ne gern £OLIE | 262. 2 obÞ6z1| zSEOL 188682988 8857 |$671 41910 87 
z£b06 16s | oogzg] $9gos | 2610 Tos gogzz | otggi | oolSr| ogSz1 | ghoor oss | ZSLS| 8918 [71282187910 8 
org og 10 | coogs | eg6gÞ| oz19% org | oggor oopL | ooSÞþ1| cog] ogz6 | 0969| ozzS | oghE|glEz|ogrtrfogs]o of 
{+900g | go£99 | ooglS | g£6Þþ| bg£SE|ÞEz!tT |; g1ooz|oggol | co6E1| orlit| g6gg 2199 | $66þ | gEEE rr rIrL[oSS[o SE 
87184/28619 Orr 890278 98061 | afar oo SS oo gr Iro z6ig eig goSÞ| zLoE|gtor roi [21S] © of 
912£9 [6118S { oo6EÞ | 6$£SE| 960gz| 11S1T |FogSi1 |olifi| £$i6orjoglg trol gozs 1868 | Þ£97|[gÞli|glg [6Eb] © Sh 
90019 | 60615 | o06zb| 6þLÞE | gSÞlz| 12017 |[ÞbbSI[olgri| Szlor|ogSg | iblg | gbiS]| 1988 ls 961888 [6:4] © or 
voss ot oog6E|glort| rift} bobgr | gSrbr [ogg | oobg | 076% | gffg | 2S9Þ| bgSE[glf£z|ÞgS1[g6t 968 o gif 
896 hit o0SÞE| Srl: ogotz Sor [ozhzi|oStor| Sig |ooby | ozSS lobi Sorg olor [og 1iſogo [o $1 
699 [$0z6£; oobrzt|bbzgz| gtlot}glliSi[bggrilorl6 [oorg logo | bgiS 8888916 619621819 [reo 71 
96g tothe cogr Fol rz 118191681 [bzror [ortg oo [oggs test | gobE| oss r Tol 1911898 [gro or 
ess | g96E£zE | oog Lt [9SErT polis ros66 |ogrg | oobg [orSS | gr1þb | 716T| vgpr 9891 or [gSS [9120 6 
ſoggos gros | ooSÞ7 | SÞg61 | oglg1 | Soozr [ozgg [oSEL | Stog [oobs olg? [| ob6z| Corr oli logs os So g 
oo | obo6z ; ooobz [1b+61| ogESrfogliifotgg [oort | ooog oog | obgE | ogge or | obb1 | og6 85 oro 9 
| z1 11 OI 6 8 L 9 E £ 8 ＋ * v n Þ2 3 
Dur; I «your euren | «your | your e “% | 4youT | *you | «qour | f | Auf dul · N ul Iq uναI-quνhͤ u ren 
ö 

| nu v u *4a1mmig g o 
q2uy 1 u,], u⁰,ν Jo #3215 11212fſip 291 01 Sugpdoον 9914 1007 9 o g worf ad 
.ſip 1114. 4102.42ſoy uv *a4nſvapy i © 4224 fo dijE,ö d wqat Iuaog iL F 


Aa 2 


264 An Iitrodudion to a General Syſtem 


So that the Uſes of the foregoing Table being very plain, I need not 
enlarge on it. If you would know how much Water a 4 Inch Pipe 
will yield ia an Hour, that comes from a Reſervoir 30 Foot high, 
look in the Table againſt 3o, and under the 4, and you will find 
$192 Pints in a Minute; that multiplied by 60, gives 491520, and 
divided by 512, the Pints in an Ale Hogſhead, and rhe Aniwer is 
970 Hogſheads. 

AG a1N, in like Manner, if you would know how many Hogſheads 
in an Hour a Pipe of 2 Inches Bore, ill produce from the ſame Height, 
there will be anſwering 2048, which, multiplied by 60, produces 
near 231 in an Hour; but if it was for a leſs Height, as ſuppoſe 6 
Foot, it would give but 112 Hogſheads in an Hour; and all this, 
hien the Reſervoir is under 150 or 200 Yards, at molt, of the Place; 
tor if it be a long Length, and there be Turnings cr Windings, and 
up-hill and down in it, it would cauſe a great Friction, and would 
not yield above by or 60 Hogſheads, at moſt, in an Hour, as Ex- 
perience does ſufficiently evince; for if the Allowance for Friction 
be as 9 to 4, as the learned Annotator oa Marriott? ſays it is, 
then a Pipe of 2 Inches Diameter, and that goes above 1000 Yards ; 
as ſuppoſe 12, 13, or 1400, then ſuch a Pipe would give but 49 
Floglheads 3. 

AN p thus much for the Coming-in and Going-out of Water in 
Pipes from Reſervoirs of difterent Heights, where there is little or 
no Friction; but, tis much to be feared, that Water that is raiſcd 
by Engines will not produce ſuch great Quantities, nor ſcarce io 
much as Reſervoirs at a great Diſtance, allowing for Friction ; 
ſince tis plain, from the Principles of all thoſe who have wrote 
of Staticks, That a Force, which forces up a Body perpenaicularly, 
grows lefs equally: Becauſe the Gravity of the Body, which is 
thrown up conſtantly, puſhes it downwards again; and fo its Mo- 
tion upwards mult continually decreaſe, and be wholly deſtroy'd, 
when the Impetus upwards, which is receiv'd from that impulſive 
Power that throws it up, becomes equal to that Impetus which 
its own Gravity gives it downwards, that is, that Bodies thrown 
upwards muſt be retarded, and ceaſe to riſe, as ſoon as the two Im- 
pulſes are become equal, and then immediately begin to deſcend 
again, becauſe then the Impulſe of Gravity is greater than that of 
the Projection; ſince Gravity leſſens the Velocity of the Impulſe 
upwards, and by its contrary Action deſtroys the Motion up- 
wards, with the ſame Force that it would produce a Motion down- 
wards, which is uniformly, according to the Laws of Motion ac- 
celerated, the Force which puſhes upwards muſt alſo decreaſe vas 

| tormly. 
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formly. And ſince the Deſcent of Water coming from different 
Heights is found to increaſe, by the foregoing Tables and Accounts, 
ia a ſubduplicate Kat io of its Height, its Rite, and alſo Quantity, 
muſt conſequently decreaſæ in the tame Proportion. 

Tus, to invert the Terms, if an Engine throw up 647 Pints 
of Water 6 Foot high, through a Pipe of an Inch Diameter, the 
ſame Engine will not be able to throw up above 240 Pints to a 
Height of 48 Foot, through a Pipe of like Diameter. But as the 
molt exact Rules that can be given in Theory, will, in all Proba- 
bility, fall ſhort, and, perhaps, wide of the "Lruth, when reduced 
to Practice, 1 have with ſome Difficulty procured (from ſome of 
the moſt eminent Places in Euglaud, where Engines are made,) 
Account of the Bore of their Pipes, the Diſtance the Water is 
carry*d, and the Height to which it riſes ; becauſe, farther than yet 
mentioned, the impulſive Force of an Engine (notwithſtanding En- 
gineers now put two, three, or tour Regulators to it) is alternate, 
or in ſome other Degree intermiſſive; which is the Occaſion that 
Engines will by no Means yield the fame Quantity of Water, as 
Retervoirs or Springs (whoſe Motion is regular and uniform) will. 
And this Account will, in a great Meature, explain the Effect of 
every particular Kind of Engines, and how preterable they are, in 


many Circumſtances, to one another. 


—_ 


CHAP. XXXII. 


Of Friction, its Etymology, and the Effect it has on Pipes of 
Conduct, SC. 


| a Subſtantive of Frico, has its Derivation, as ſome will 
have it, from the Greek of Frzgeo, or rather (as Schrevelius notes 

it) of Figo, torreo, tor refacio, to heat, make warm, burn, and 
the like; from whence, ſays that laborious Author, comes guys 4 
torrefactio, frixio vel frictio; and Coles in his little Dictonary will 
have it from the Cree“ reiga, or from the Hebrew Pur, which tranſ- 
lated into the Latin Language ſignifies d ifrumpi, 2. e. to break, rub, 
chafe, or fret; in ail which Senſes it may well be taken, as it im- 
ports that Letting, Hindrance, or Stoppage in Fluids, and in all 


Mechanick and Hydraulick Motion, occaſion'd by that Rubbing 
Ir. 


that is inſeparable from the Laws of Motion in Engines, Sc. 
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Ir is a Word that ſeems not ſo well underſtood, at leaſt not here- 
tofore uſed in the Senſe it now is, as whoever will give himſelf the 
Trouble to inſpect Scapula, and other ancient Lexicous and Gloſſaries, 
will find; tho' there we hind, that Ce//irs, Lib. 1. makes ule of it, 
in a Caſe not much unparallel to the Senſe we now do, when 
ſpeaking of a Journey he had taken, ſays, in ipſo quoque itinere fre- 
guens Frictio erat: Bur the learned Merſennms, Gallilæo, and o- 
thers have uſed it in a much larger Senſe, in their Applications of 
it to Mechanical and Hydroſtatical Calculations; and Wallis is 
found (tho' he has not defin'd the Word, as he has done many 0- 
thers in theſe Arts) in many Places of his Treatiſe on the Axis in 
Peritrochio, to ule the Word with great Freedom, however limi- 
ted the ſame was in antient Authors: Let me ſet it down in his 
own Words, Cap. 7. Prop. 3. Que hinc oritur frictio, impedit quo 
minus orbiculus, circa axem ſium expedite volvatur; and again, a 
little lower, & quidem eo magis, quo axis major eft propter majo- 
rem, propterea frictionem. And, to conclude, a little tarther he 
ſays, Et propterea ob frictionem ſæpius repetendam diſſicilius move- 
bitur roto minor. 5 

And from theſe Intimations it appears to be, that the learned Har- 
ig, in his Lexicon Technicum, Vol. I. ſub titulo F. ſays of it, that it 
is a Word often uſed by Writers on Mechanicks, for the Refiſtance 
which ariſes to the Motion of any Engine from the Matter (and I 
may add the Shape and Size of the Wheels, &c.) rubbing againſt 
one another, and againſt any other Body; and of this Reſiſtance, 
ariſing from Friction, he tells us, there was a large Diſcourſe printed 
in the Memoirs of the Royal Academy of Sciences at Paris for the Lear 
1699, by Monſ. Amonton, wherein that ingenious Author makes 
ſeveral Experiments, which give Rules for to find out and calcu- 
late Tables of this Reſiſtance ariſing from Friction, and of that 
which 1s the Reſult of all that Rubbing, Chafing, and Stoppage of 
Cords uſed in Pulleys, the Subſtance of which ſhall be, if this Book can 
be procured, exhibited in its proper Place. Returning now to the Fric- 
tion that is in Pipes, wherein it muſt beobſerved, that later Writers on 
Hydroſtaticks have uſed this Word in a more extenſive Manner, than 
what is to be found in Gallzlzo, Wallis, and others, who have treat- 
ed of Motion; I mean the celebrated Marriotte, who by ſome cu- 
rious Obſervations has found, that Water in Pipes is conſiderably 
ſtopp'd by the Friction that is againſt the Sides of them, occaſion'd, 
as ſome will have it, by the Viſcuoſity and Cohæſion of the Parti- 
cles of Water one to another, which being, as it were hook'd to- 
gether, impede and hinder each other in their Paſſage, eſpecially in 

great 
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great Lengths, of which whoever reads Part V. Diſtourſe 1. con- 
cerning Pipes of Conduct in Marriotte's elaborate Treatiſe of Hy- 
droſtaticks, may be more particularly inform'd. 


N o w, as from hence it chiefly comes to paſs, that Water that 


paſſes a great Way, and from a Spring-Head, as it were naturally, 


never rites well to its own Level, how much ſoever may (to the 


Diſadvantage of young Hydroſtaticians have been ſaid to the con- 
trary, it will not be improper, in the Courſe of this Chapter, to con- 
ſider ſomething of the Method for the Determination of this Fricti- 
on, or the Reliſtance that 1s in the Paſſage of Water through long 
Tracts of Land, and in narrow Tubes, the Velocity of which is 
{topp'd by this Friction; for the Diſcovery of which, take the fol- 
lowing Experiment, as we have it from Marriotte aforeſaid. 

LET ABCD (Fig. 1. Tab. ſeq.) be a Pipe of 6 Inches Dia- 
meter, and 6 Foot high; the Pipe CE is 3 Inches Diameter, and 
the Pipe GF 1 Inch: Three Holes were made at the Points HIL, 
that at H was 2 Lines wide, that at I 4 Lines, and the laſt at L was 
8 Lines wide: In the other Branch F G, the Holes K N M were 
diſpoſed after the ſame Manner, in reſpect of their Nearneſs to the 
Tube ABC D. The Pipe A D being full, the Operator let the Wa- 
ter ſpout ſucceſſively through the three Holes H I L, the other (till 
continuing ſhut ; the Jet at L roſe the higheſt, being the wideſt ; but a 


narrow cauſes a conſiderable Friction thar retards the Velocity of the 
Water, and hinders it from running faft enough to ſupply the Adjutage. 


But in the Holes H ard K, as the Velocity thro' the Pipe is 16 
Times leſs than when the Water goes through L and M, the Fric- 
tion in the narrower Pipe is inconſiderable, and does not ſenſibly 
retard the Jer K more than the Jet H, and they both riſe pretty 
near to the ſame Height. It follows likewiſe, that if you diminiſh 
the two Holes I and N, tor Example, each of them a Line, then 
the Tet thorugh F will not riſe ſo high as it did, and that through 
N will riſe higher; becaule there will be leſs Friction in the Pipe 
F G, that overcomes the Detect from the Air's Reſiſtance; and in 
the Pipe CE, this Diminution of Friction will not be conſiderable, 


but the Reſiſtance of the Air will be a little greater, than in that of 


4 Lines; and this it is that has deceiv'd a great many Perſons, that 
have made their Experiments in narrow Pipes, as F G, and they 
nave, with the greateſt Part of the Fountain-Makers, concluded, 
that Water roſe higher through narrow Adjutages, than through 
wide ones, which is contrary to Reaſon and Experience, provided 
the Pipe of Conduct be not too narrow, that is, to ſupply them. 
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ITA E ſame Thing happens when the Adjutages are 6 or 7 Inches 
long, or even 2 or 3 Foot, the Jet will be higher through a plain 
Hole in a Plate, not above a Line, or a Line and a half thick, the 
Experiment will (according to Marriotte) be eaſily made: If you 
have a Pipe of 6 or 7 Inches Diameter, as ABCD, Fig. 2. and in 
the Pipe E F of a ſufficient Bore, 2 equal Holes be made at G and 
H, the firſt having the Adjutage G I, and the other only the Thick- 
neſs of the Metal; for you will ſee the Jet through H will go 
much higher than through GI; and the more you diminiſh the 
Height of I G, the nearer will its Jet riſe to that of H; whence 
it follows, that the long Adjutages that are put to the Mouths of 
Dolphins in Fountains are very defective. | 

AND tho' the Adjutages ſhould be a little conical, the Jet will 
ſtill be retarded ; concerning which take the following Experiment: 
A Glaſs Pipe, a Foot in Heighth, and an Inch Diameter, having a 
Hole of two Lines and a halt, ſpouted only ten Inches and a half 
high, when there was a little Cone 1n it; but when it was made 
without a Cone, it ſpouted eleven Inches and a halt; which ought 
to be a good Direction to thoſe that make Adjutages or Spouts to 
Fountains, not to contract them at Top, as many do, but to make 
them exactly cylinderical; nor likewiſe to contract the Termina- 
tion of the Pipes of Conduct all at once, but by Degrees, and in ſuch 
a Manner, that the Friction may be as little as poſſible; ſince tis 
this, that by all the Experiments which have becn made, that cauſes 
that Friction, which depreſſes, inſtead of forwarding, the Riſing of 
the Jets, and Paſſage of Water in Pipes. 

To trace all the Experiments that are and may be made to de- 
monſtrate this Friction, would be a Work of itſelf, and entirely be- 
yond the Room I can allow in this Treatiſe; becauſe a Multitude 
of Examples would rather puzzle, than inſtruct any Learner in the 
Practice of Hydroſtaticks and Hydraulicks, for which this Deſign 
is chiefly calculated ; nor indeed can the Experiments that are made 
in ſmall Cafes have their full Weight in larger, it being found, (as 
has been already hinted in the Preface) that Marriotte does not al- 
low enough for the Decreaſe of the Velocity of Water through a Iong 
Pipe of Conduct; all which having been ſo amply laid down in the Pre- 
face, I need not repeat it here again; but that this Friction is nearly 
in Proportion to the Length that it runs, rather than to the Friction 
that is againſt the Side of the Pipes; nor is it indeed an eaſy Matter to 
diſtinguiſh from which of the Cauſes it is, that this Velocity of Water 
is ſtopp'd, whether from Friction or the Cohæſion of watery Parti- 
cles one to another, or from the Reſiſtance that is in Air, which 


poſſeſſes 
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poſſeſſes itſelf of all Vacuities, and, till it is expell'd by the greater 
Force of Water, mult occaſion a conſiderable Reſiſtance thereto, as 
the Noiſe and Roaring of Water in Pipes do ſufficiently demoaſtrate. 

THEKRE is alſo another Reaſon, why it is not ſo eaſy to deter- 
mine the Rationale of Friftion by the before- mentioned Experiments, 
and which is, That a little Thread of Water finds more Reſiſtance 
(eſpecially in open Air) at its firſt coming out, than great Jets do; 
as {mall Bullets or Shot, tho' ſhot out of the ſame Piece, will nor 
reach ſo far as large ones. And there is yet another, which proceeds 
from the different Impulſe or Force of Water from Engines or Re- 
ſervoirs of different Heights. All which Circumſtances, I tay, produce 
different Effects, as the Cauſes are different. But be this Decreaſe 
of the Velocity of Water from what Cauſe it will, the Table 
that will be by-and-by inſerted, corroborated, and explain'd, as it 
will be from real Facts in larger Caſes, will be as near the Truth 
as can be. 

Ir will be ſufficient, in Addition to what has been ſaid on this 
Head, to add, that the Reſiſtance of Air, and the other Cauſes be- 
fore-mentioned, is ſuch, that Water (how duly and regularly ſoever 
plac'd, and how well ſoever adjuſted the Pipes of Conduct and 
their Adjutages are) will not riſe by about # or 5 in open Air, nor 
by a tenth in encloſed Pipes (where the Diſtances are great) ſo high 
as their original Reſervoir or Baſin. 


Of the Proportion of Condutt-Pipes. 


From thoſe curious Obſervations that Monſieur Marriotte has 
made at Chantilly, and other Places, and from large Adjutages and 
Pipes of Conduct, it appears, and may be taken for a fundamental 
Rule, that a Reſervatory of 52 Foot high ought to have a Con- 
duct-Pipe of 3 Inches Diameter, when the Adjutage is 6 Lines, 
and that the Jet will then riſe to the greateſt Height that it ought 
to have. 

To compare the Breadth of this Conduct-Pipe with that which 
Reſervatories ought to have, and the Breadth of Adjutages, the 
following is a proper Rule, ſuppoſing that the Velocity of the run- 
ning Water be equal in both Pipes, and that there be no more 
Friction in one than the other: But if the Number of Inches be 
quadruple, the Section of the Bore of the Conduct muſt be tour 
Times greater that the Velocity of the Pipes may be equal. 


HE RE follows the Rule as it is eſtabliſhed by Mr. Marr tte ; 
B b As 


8 
1 
1 
| 
1 
*1 
4 

| 
" 


: 
ff 

: 
x 

| 

; 
1 

| 


— —U x ů ̃ —é —äͤ eee 


370 An Introduction to a General Syſtem 


As the Number of Inches which one Jet gives, is to the Number 
of Inches which another Jet gives; ſo is the Square of the Diameter 
of the Conduct. Pipe of the firſt, to the Square of the Diameter of 
the Condutt-Pipe of the other. 


Example : 


Ir you would know what Diameter you muſt give your Con- 
duct-Pipe to have a Jet 100 Foot, through an Adjutage of 12 Lines, 
you muſt take a Height of 52 Foot, as above, for your Standard, 
which through an Adjutage of 6 Lines, having the Pipe 3 Inches 
Diameter, gives 8 Inches; and that becauſe, by the Table of the 
Heights of Jets, the Reſervatory of a Jet of 100 Foot ought to 
be 133+ ; you fay then, As 52 is to 133, ſo 64, the Square of 8, is 
to 170; and the Square Root of 170 being pretty near 31, you 
ſee, that a Reſervatory of 133 Foot, through 6 Lines, will give 13 
Inches, and through an Adjutage of 12 Lines, 52 Inches of Wa- 
ter. Then, as 8 is to 52, fois 9, the Square of 3, (which 
the Diameter of the Pipe ought to be,) to 58, whoſe ſquare Root is 
7, and near 3, which will be the Diameter of the Pipe that was 
ſought; but, for greater Security, you may, ſays our oft-quoted 
Author, give it 8 Inches. ; 

To ſum up all that has been faid, and to adjuſt the Friction we 
have been ſo long diſcourling of in this Chapter, the general Rule is, 
that Water brought a conſiderable Diſtance, loſes + of its Velocity; 
or, in other Words, that it will not rife ſo high as the Spring- 
Head is by $; fo that if the Deſcent from a Spring-Head to a Re- 
ſcrvoir or Building be 128 Foot, you are, according to this gene- 
ral Rule, by which many Plumbers and others are governed, to 
divide it by 8, and the Produce will be 16, which ſhews that the 
Water will not riſe ſo high as the Spring-Head by 16 Foot; and 
that, conſequently, inſtead of the Water's riſing to 128 Foot high, it 
will only riſe to 112 Foot, 16 Foot being allow'd for Friction, or 
the Interpoſition of Air, Sc. 

*F rs true, where the Fall of Water is ſo great, as it is in the 
aforegoing Example, there will be little Occaſion to reaſon ſo mi- 
nutely concerning the Friction that is to be allow'd : But where 
the Fall is not above 8 or 10 Foot, and at a great Diſtance, tis 
there that an exact Calculation is very neceſſary, leſt the Owner be 
diſappointed in his Labour and Fxpettetion. 

ACCORDING to ſome of the Rules before-mentioned, the natural 
Current or Fall for Water muſt be at leaſt two Foot in a Mile 3 

an 
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and the Diſtance here being ſuppos'd to be 526 Yards running, 


the Queſtion is, how many Inches will be requiſite for ſuch a Cur- 
rent or Dependance. 


See the Operation. 


Ie 1760 require 24 Inches, what will 526 Yards require? 
24 


2104 
1152 


Inches. 
1760) 13624 (7 1725 
1304 


Axp the Anſwer is 7 Inches and near 1. Then again, to de- 
termine the Friction, ſuppoſe that the natural Fall be 12 Foot in this 
Length of 526 Yards, divide the 12 by 8, and the Produce is 1 
Foot 6 Inches, which, added to the 2 Foot natural Fall, makes 2 
Foot 1 Inch and 3; ſo that 12 Foot is much more. than ſufficient, 
and, if you will, you may carry your Spring, and conſequently 
your Reſervoir, higher: And, in the firſt Cafe, were the Fall no 
more than 3, 4, or 5 Foot, ſuch Water would pals. 

Bor as this Allowance of + of the Height of the Spring-Head is 
in general Terms, and according to the Rules the Plumbers have 
eſtabliſh*d amongſt themſelves, is ſuppos'd to be ſufficient and exact, 
yet by the curious Experiments of Marriotte and others, a more 
certain Rule for Friction may be eſtabliſh'd. 

THAT ingenious Author produces it as a certain Rule, That the 
Difference of the Heights of Jets, or he might have ſaid, in other 
Words, the Deſcent of Water from the Original or Spring-Head 
to the Reſervoir, or Place aſſign'd for its Uſe, is in a ſubduplicate 
Ratio of its Height: And tho' it is certain, that this Gentleman 
has made uſe of it, to demonſtrate the Riſe of Jets of Water in open 
Air, which has doubtleſs as great, or, perhaps, a much greater Ef- 
tect, than any Friction in incloſed Pipes; yet by this it is, that we 
may come as near the Matter of Fact as poſſible, and be more cer- 
tain as to our Calculations on this Head. 5 

To come then to Example, (vid. Pag. 270. of Dr. Deſaguiliers's 
Tranſlation,) and which he ſeems to eſtabliſh as a general Rule, up 
to or nearly equal to the Height of the Spring-Head, he allows, 
that a Reſervoir (which, by the By, ought to be at leaſt 10 or 15 
Foot ſquare) that is 5 Foot 1 Inch high, will raiſe the Water 5 

Bh 2 ; Foot, 
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Foot, and ſo on, in a ſubduplicate Ratio to their reſpective Heights; 
and conſequently, that, as to this, it is but one Inch abated of 
what it would riſe to by Nature; and purſuant to this it is, that 
the. following Table is calculated, which is from Rules which far- 
ther ſhew, that it a Spring of 5 Foot 1 Inch in Height abates only 
1 Inch, the ſame Spring, being 10 Foot 4 Inches, will abate 4 In- 


ches; and the higher you go, the greater will the Diſproportion be. | 


The TABLE. 


The Height of the | The Height the 

Spring-Head. Water will riſe to. 
Foot. Inches. Foot. 

3 1 3 

10 4 Io 0 

| Bu 1 8 

1 20 0 

+ bis 26 0 

33 0 30 0 

39 1 35 © 

45 4 40 0 

51 9 45 © 

58 4 50 © 

GS-2 8 

7 8 60 o 

79 1 65 © 

86 4 70 © | 

93. 9 23 9 
101 4 80 © 

109 I 85 0 

117 90 0 | 
1 95 o 
121 4 1 


O—ͤ—ꝛ— 


ANo this is, I think, ſufficient as to the Friction allow'd for the 
Deſcent of Water in cloſe Pipes, and a Demonſtration, that an Al- 
lowance of ; can be no certain Rule for it. What remains co be 


obſerved on this Head will naturally fall in, when we come to treat 
of Jets d Eau. e 


CHAP. 
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HAP. XXII. 


Of the ſeveral Rules in Arithmetick with which a Learner in. 
Hydroſtaticks ought to be informed. 


T is of great Import, in order to the better underſtanding and 
calculating of Water-Works, that the Learner make himſelf 


Maſter and be well acquainted with the ſeveral Rules of Arith- 
merick following. 


T ſhall paſs by Numeration, Addition, and the like, becauſe it is 
ſuppoſed that few are unacquainted with thoſe Rules; tho? there are 
others, ſuch as the Rule of Three, the Rule of Falſe, Square Root, 
Sc. very neceſſary to be known by all Hydroſtaticians, which they 
may be at a Loſs to comprehend, tho* well skilled in many other 


Arts and Sciences, it being for the ſake of ſuch, that this Treatiſe 
is chiefly deſigned. 


TME Rule of Three is the moſt uſeful of any that belongs to Hy- 
droſtaticks, it being from two Numbers known that a Third which. 
is unknown is diſcovered, which we ſhall many Times have O 
caſion to mention, in the Courſe of this Treatiſe. 


SuUrePeOSE then, according to a general Rule, laid down in the 
Expence or Coming-in of Water, that a Pipe or Spout of three . 
Lines Bore give 14 Pints French of Water in a Minute, what will 
a Pipe or Spout of 7 Lines give? 
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See the Example : 


SAY,as 9, the Square of 3, is to 14, ſo is 49, the Square of 7, to a 
4th Number unknown. | 
9 14 49 
14 
196 
3 


9) 686 (763 
63 


56 
54 


2 


And the Anſwer is 76 Pints 4 of a Pint. 


Of the Rule of Falſe. 


TuE Rule of Falſe is another Rule that is of ſome Uſe in Hy- 
droſtatical Calculations. 

THERE is a Ciſtern with three unequal Cocks, containing 60 
Gallons of Water; and if the greateſt Cock be emptied in an Hour, 
if the ſecond be opened, it will be emptied in three Hours, Sc. Now 
it is demanded, in what Time the Ciſtern will be emptied, if all 
the Cocks run together. 

No w, as the Solution of all Queſtions in the Rule of Falſe are 
perform'd from a ſuppoſed fictitious Number, to find out a real 
one, let the Calculator ſuppoſe, that the Ciſtern will empty itſelf 
in half an Hour's Time, or 30 Minutes; then there muſt empty at 
the greateſt Cock 3o Gallons, or one half; at the ſecond Cock 15 
Gallons, or one Quarter; and at the leaſt 10 Gallons, or one Sixth; 
which added together makes 55: But this is too little by 5. 

S Ay then, by the Rule of Three, if 55 Gallons be expended in 
3o Minutes, what Time will 60 Gallons take to run out, or be ex- 
pended in? 
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See the Example: 
As 55 is to 3o, ſo is 60 to a 4th Number ſaught for. 
30 
55) 1800 (32 #5 

165 

150 

110 

40 


So that the Anſwer is 32 Minutes, and ſomething more than | 
40 Seconds. 8 


I SHALL only ſet down one Example more, from the Double 
Rule of Falſe, with which I ſhall conclude what I have to obſerve . 
on theſe two Rules, and the Rule of Three, from which all theſe 
Examples are deduced. 


A Veſſel holds 60 Gallons, and has 4 Cocks to it; and being 
fill'd with Water, or any other Liquor, if they be all ſet open at 
once, the Liquor will run out in 24 Hours Time: Now the 2d 
Cock will empty as much as the firſt, during the fame Time; and 
the zd will empty three Times as much as the 1ſt in the ſame 
Time; and the 4th will empty five Times as much as the firſt: 
The Queſtion is, what Number of Gallons each Cock will empty ? 

The firſt Thing to be done is to add all the four Numbers to- 
gether, thus: | | 


1ſt Cock 1 Quantity. 
2d Cock 1 equal. 

- 2d Cock 4 Times as much. 
4th Cock 5. Times as much. 


—ͤ— — 


In all 11 


84 * 
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S x y then, if 11, the Quantities of Water in the Whole, require 
60 Gallons, what will 1 require? 


F 
1 


11) 60 (5 + the Quantity the firſt Cock empties, which 


55 Quantity alſo the ſecoud Cock empties. 
5 
Again; If 11 requires 60, what will 4 require? 
4 

11) 240 (21 the Quantity the 3d Cock muſt empty. 

22 
20 4 

11 
. 


But tlie Integer being once found, the whole Sum may be eaſier 
found out in the following Manner; the firſt Quantity being 5 &, 
the Caſe will ſtand thus; 


Gallons. 
1{t Cock will empty 4 
2d Cock the ſame 3 


9 


3d Cock 4 Times the Quantity 21 © 
4th Cock 5 Times as much 27 5 


The Fractions added together make 22, REP ER 
which is 2 Times the Denominator 11, 60 o tue Antwen 
and ſo the Addition will ſtand thus: required. 


N. B.THE Queſtions before-going will be of conſiderable Uſe, when 
we come to treat particularly of the Coming-in of Water, and the 
Expence or Going-out of the ſame; and altho* the ſame might be 
done quicker by the Rules of Algebra, yet as that is a Science un- 
derſtood by few, I have choſen to uſe this plain Method of Arith- 
metick. 

Of 
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Of the Square Root, and its Uſes in Hyaroſtatichs. 


TH x Square Root is likewiſe a Rule that ought to be well un- 
ſtood by Hydroſtaticians. 


Here follows a Table of the Simple Roots, with their Squares. 


* 


Roots. 2345 3 


— — —— — — 


— — — 1 — — — 


Squares. | 14 9 | x6 | 25 | 36 | 49 . 


SER 


Fox Example, let 576 be a ſquare Number required, of which you 
are to find the Root: You muſt begin on the right Hand, and make 
a Point at every ſecond Figure, and then it will ſtand thus: 


576, the Point being made over the 7. 


Tux firſt Thing I do is to find the neareſt Square to 5, which by 
the Table 1s 4. 


Subſtra& then 4 from 576, 
And there remains 176 and the Quotient is 24. 


Look again into the Table, and find the neareſt Square to the 
Root 17, and you will find it to be 4, which I place in the Quo- 
tient, which makes 24, 2nd 16 remains. 

AFTER this, you are to examine if the laſt 4 multiply*d by itſelf, 
will make out the Number 16 which remains, which you will find 


it will exactly do; and 576 proves to be an exact ſquare Number, 
of which 24 is the Root. 


AGAIN, ſuppoſe you were to find out the Square Root of any 
other Number, let it be of 119025. 

You muſt firſt make Points either above or below every other 
Figure, beginning on the left Hand thus, 119025 ; or which is bet- 
ter, divide them into three Claſſes, and then the Figures ſtand 
thus: 1x | go | 25 

2 
11 | 90 | 25 (3 
ol | 


Cc THE 


— - — — . 7* —— — — — — 


N — —— —— 
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Tux 2d Operation then is to find the neareſt Square of rr, 


which is 9, and that 9 deducted, the Sum ſtand thus: 9 


for the two next Diviſions. 


290 | 25 


THE third Operation 1s 1n this Form : 


2 


on 


9 


54 
90 


13 


25 (34 


64 


11 90 35 (34 
9 


6 ) 290 


I x the fourth Operation, the whole Quotient 34, being doubled, 
makes 68, and will be a new Diviſor, to be put under the left 


Hand Figure 2, after this Manner : 


25 (34 
8 


| 


119025 (34 
9 


64) 290 
256 


— 


34 


— — 


TAE left Hand Figure 6 of this Diviſor, ſince it can be had in 
34 five Times, this new Quotient 5 is joined to the former behind 
the crooked, and is alſo ſet down under 5 in the vacant Place of 
the Claſſis; fo that the Operation ſtands thus: 


| 


LI 
2 


| 


11 90 35 (345 
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CHAP. XXXIV. 


Of ſeveral Weights and Meaſures neceſſary to be known for the 
better explaining the Divifion, Diſtribution, and Expence of 
Water. 


OR the better Calculation of the Quantity of Water coming from 
Engines and Springs, and the Expence thereof, in Fountains, Caf- 
cades, and the like, it ill be neceſſary to ſet down the following Ac- 
count with the Addition of ſuch Tables of Weights and Meaſures, as 
are ſtatutable and cuſtomary in Exgland, and which moſt neceſlarily 
belong to this practical Treatiſe; which, when compar*d with thoſe 
of France, the Learner may, with the more Certainty, compare 
and adjult thoſe which Marriotte and others have made Uſe of in 
their Hydroſtatical Calculations. 
Tur ingenious Gentleman and his Reverend Tranſlator tell 
us, that with them in France a cubick Foot of Water weighs 70 
Pounds French, (i. e. 65 Engliſh) and contains 35 Pints Paris 
Meaſure; but by this it is plain, neither their Weights nor Mea- 
ſures are the ſame with ours; for it has been proved, by undoubt- 
ed Experiments, that a cubick Foot of Water Eugliſb weighs 76 
Pounds Troy Weight, but of Averdupors but 62 lib. £4, : And inthis 
Account they tell us, that 70 /:b. contains 36 Pints Paris Meaſure, 
when filled up to the Brim, (which mult be near equal to ſo many 
Quarts Engliſh 5) but it the Water (fay they) riſes above the Brims 
of the Veſſel before it runs over, the French Pint (about our Eng- 
liſh Quart) will weigh (as before) 2 Pounds, and 35 ſuch Pints only, 
will be contained in a cubick Foot. Now here, in like Manner, it 
is apparent, that they differ from us; for if half a Pint French 
weighs 1 Pound, as their Authors intimate, if it be compar'd with 
our Troy Weight, it is too little, if with our Averdupois, too much. 
It being found from the ſame careful Experiments, as before mention- 
ed, that a cubick Foot of Water Averanpors is 62 lib. 9 oz. , 
or 76 Pound Troy: But I ſhall chuſe to make uſe of Averdupois 
Veight in all my Calculations, rather than Troy; for tho' moſt Li- 
quids that are fold are weigh'd by 770 Weight, yet as the Aver- 
aupois is the moit general Weight now made ule of, and as its 


Cc 2 Tables 
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Tables are the moſt agreeable to my preſent Purpoſe, when I ſay 
Pounds, or any other Number or Quantity of Weight, I mean that 
of Averdupois; and when I make uſe of any Quantity of liquid 
Meaſures, I mean that of Ale. 

BuT it any one is ſo curious as to have his Account in Troy Weight, 
it 15 proper he ſhould know from the ingenious and very careful 
Experiments of Dr. //ybeard and others, that 14 Pound Averdu- 
Pois is equal to 17 Troy: To reduce the one to the other, ſay then, 
by the Rule of Three, 

Ir 14 Pound Averdupors be equal to 17 Pouud Troy, how equa! 
is 125 Pound to any Number unknown? Anſwer 151 +4. 


Sce the Example. 


127 31-008 
17 


875 
125 

14) 2125 (151 44 
72 


23 


11 


By which it appears that 125 J. Averdupois is equal to 151 lib. 1. 
of Troy. 

To proceed with the ingenious Marriotte and his Tranſlator, 
we are by them inform'd, that a Paris Muid or Barrel contains 
280 French, (about 280 Quarts of England) or 288, if the Water 
is fill'd up to the Brim, (which it ought to be.) Now this like- 
wiſe ſeems diſagreeable to our Engliſh Meaſures ; nor is our Eng- 
liſb Hogſhead (as will appear by and by) equal to the Muid, which 
{ beg Leave to explain, becauſe of the Difficulty and Uncertainty 
that may be in the Way, when we come to calculate and compare 
Fets d Eau, and the Expence of Water from Engines, or otherwiſe, 
I mean thoſe of England with thoſe of France. 

To reconcile thoſe two Meaſures together with the more Exact- 
nels, it is to be noted from Sir Jonas Moore, and others of good 
Note, in their Compariſons of Foreign Meaſures with the Eng/!/h, 
that the French Ounce is to ours (and which {hall be the 3 

rom 
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from whence we make all our Calculations and Tables, ) as 93 is 
to 100, by which it will in its proper Place appear, that the Paris 
Muid is not equal to our Engliſh Hogſhead. 


Now to find the true Proportion between Frexch and Engliſh 


Meaſures, if 14 Pints French (28 Engliſh) contains 26 Pounds, 
and in 14 Pints Engliſh there are contain'd 17 tb. 5 Averduporr, and 
ſomething more, (which it appears to do,) then the Difference be- 
tween thoſe two Meaſures, by doubling the 17 , and 26 in order to 
avoid Fractions, 1s as about 36 to 52. 

Ir therefore a circular Hole of Water of an Inch Diameter give 
14 French Pints in a Minute, how many Engliſh Pints will it give 
in the ſame Time; and becauſe it will give more Eugliſß than 
French, ſtate it thus: 


Anſwer. 


36) 1456 (40 36 near 4. 
16 


— — 


AN p ſo many Pints Engliſh will a circular Hole of an Inch 
Diameter give, at the ſame Time that it gives 28 Pints French, 
(or about 28 Quarts Engliſh) Let 36 : 52 be then the Proportion. 

AGAIN, if a Pint French of Water (about a Quart Eugliſb) weighs 
1 lib. Engliſh, then 288 Pints of the ſame Meaſure will make 504 
Pounds Engliſh, and fo many Pounds Engliſh a Paris Muid holds, and 
conſequently the Proportion between the Eugliſb Ale Hogſhead and 
the Paris Muid is as 654 to 504, 654 Pounds Engliſh being the 
Contents of Engliſh Pounds in a Hogihcad, as 504 Engliſh Pounds 
are in a French Muid : If therefore an Inch of Water, or in other 
Words, a circular Hole of an Inch Diameter, give 72 Paris Muids 
or Barrels in 24 Hours, how many Engliſh Hogſheads will it give? 


Anſwer, 55 Hogſheads, and about 30 Gallons. 


LETT 
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LE T the Caſe be thus ſtated, 
654 : 504 :: 72 
72 
1008 


3528 
Hogſh 


654) 36288 (55 348 about 30 Gallons. 
3588 


318 


IN like Manner aw we (with the Obſervations made by Wallis 
and others) find out the Proportion that our Engliſb cubick Foot 
has to the French. The ſame learned Author, in Prop. XI. Cap. 14. 
Pag. 728. of his Mechanical Eſſay, ſaying, that upon a careful Ex- 
amination, he had found the Paris Foot to exceed ours, as 14, is 
to 133 (or rather as 29 to 27, the Mercury in the Barometer riſing but 
27 Inches French to 29 Eugliſb,) he might as well have ſaid, as 
14 is to 13, or 15 to 14; or as the ingenious Tranſlator of Mar- 
riotte has it, as 16 is to 15; ſo that the cubical Content of the 
French Foot is to that of England as 4096 is to 3375; which is al- 
ſo what Monſieur Marriotte, in his practical Rules for Jets d Eau, 
pag. 263. ſets down, where he tells us, that a cubick Foot Paris 
Meaſure of Water weighs 70 Pound French or 65 & Engliſh, then 
in a Foot ſolid Eugliſb there are 62 lib. 9 oz. ſo that the Propor- 
tion between the French Foot and the Engliſh is near as 62 to 65, 
or nearer, as the Square of 15, which is 3372, (not 3 528, as is by 
Miſtake in Marriotte) is to 4096, the Square of 16. 


To come to Example : 


I 
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Ix 256 cubick Feet French, how many cubick Feet Engliſh? 


French, Engliſh, 
SAY, as 3375 is to 4096, ſo is 256 to the Content requir'd. 


256 
0 0 
20480 
8192 


3375) 1048576 (1% 
3607 
2326 


— 


HAVING thus adjuſted the Method of comparing of ſome of the 
French and Engliſh Meaſures roger; it will be neceſſary to take a 
View of thoſe that are purely Engliſh, and from thence draw out 
ſuch Tables, as may complete the reſt, ſo as to be of Uſe to the pre- 
ſent Purpoſe, with their reſpective Weights, cubical Contents, Sc. 
Nor let it be thought that theſe are needleſs Speculations, ſince it 
w1ll be demonſtrable enough in the Courſe of this Treatiſe, that the 
Weights and cubical Contents of all Fluids in all its various Cir- 
cumſtances, eſpecially Water, is one of the moſt uſeful Parts of 
Knowledge, that belongs to practical Hydroſtacy, and without 
which indeed all the Theory of it would be uſeleſs and inſignificant. 

THis being premiſed, it will be requiſite, in the next Place, to 
proces to the Work itſelf, I mean that of Eugliſb Weights and 

eaſures. 


ALL Meaſures of Capacity, (ſays the ingenious Mr. Ward, in 
his excellent Treatiſe of Arithmetick,) both liquid and dry, were 


at firſt made from Troy Weight, (Vid. the Statute of 9 Hen. III. 
51 Hen. III. and 12 Hen. VII. Sc.) where it was enacted, that 
eight Pounds Troy Weight of Wheat, gather'd out of the Middle of 
the Ear, ſhould make one Gallon, and that there ſhould be but one 
Meaſure for Wine, Ale, and Corn throughout this Realin, (as 


Vid. the Statute of 17 Edu. III. and 15 Nic. II.) but Time and 


Cuſtom, ſays this ingenious Author, has alter'd Meaſures as well 
as Weights, and perhaps for the ſame Reaſon; there being now 


three different Meaſures, one for Wine, one for Ale and Beer, and 


another for Corn. 


THE, 


— 
—_ —_—— 
__ 
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THE common Wine Gallon, by which Wine and Brandy, and 
other Liquors, are meaſur'd and fold, are ſuppos'd to contain 231 
Cubick Inches, and ſhould hold of pure Rain, or running Water 
eight Pound one Ounce and eleven Drams, as che very ingenious 
and curious Sir Jonas Moore, and others, have obierv'd, and 
that is in Averdupors Weight, and nine Pound one Ounce one 
Dram in Troy Weight; therefore to get a true Wine-Gallon, make 
a ſquare Veſſel, that ſhall have all the Squares and Depths ſix 
Inches thirteen hundred Parts of an Inch; or if you weigh with 
Averdupois Weight, eight Pound one Ounce eleven Drams of 
pure running or Rain Water: Either of theſe, fays this great 
Obſerver of Meaſures, will find out a true Gallon Wine-Mea- 
ſure. 

But Dr. //ybeard, in his Treatiſe of Tectometry, Page 289. 

does ſuppoſe the Wine-Gallon to contain but 224 Inches, or 225 
at molt; and, purſuant to this, Mr. /Yard tells us, that two very 
eminent Surveyors in the Exciſèe made a very careful Experiment 
in a particular Veſſel made for that Purpoſe before Mr. Flamſtead 
and Mr. Halley, which confirm'd what Dr. //ybeard had ſet down 
before. 
In and about London there are Diſtinctions of Beer and Ale, 
though not very widely different from each other; but in all other 
Parts of Eng/and the following Tables of Beer or Ale, whether 
ſtrong or ſmall, are to be obſerv'd, by a Statute of Exciſe made 
Anno 1689. with this Difference, that the Firkin of Beer contains 
nine Gallons, and conſequently the Kilderkin eighteen Gallons ; 
the Barrel thirty ſix, and the Hogſhead ſeventy two; but in the 
Meaſure which I have choſe rather to make uſe of, to wit, Ale, 
the Firkin is but eight Gallons, the Kilderkin ſixteen, the Barrel 
thirty two, and the common Hogſhead ſixty four Gallons. 

THE Gallon for Ale and Beer holds two hundred and eight; 
two Inches ſolid, and weighs of pure Water ten Pounds, thrce 
Ounces, 5, about ſeven Drams ; therefore a ſquare Veſſel made 
to prove the Truth of this Gallon ought to be ſix Inches, and 44 
Parts of an Inch each Way, and the Weight ten Pound, three 
Qunces, forty Parts, Averdupors, as before. 


Here 
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HERE follows a Table of ſuch Meaſures, with the Weights and 
Cubical Contents of each Veſſel, as near as It 18 poſſible ſuch Cal- 
culations ſhould be made, being Averdupois Weight. 


The TAB LE 


__T]all. a 
4] 32] 1 O Fit. 

45121163 4 00128 64 16 2 1 |Kild 
90241327 © og2 56128032 4 21 


180480654 Q 0051225 64 8 4 28 


Bar. 


Tux Uſe of this Table is fo obvious, that I need not enlarge 
upon it, but ſhall only obſerve, that 18048 Cubick Inches are con- 
tain'd ia one Hogſhead, and that the fame weighs 454 Pound. 
Now the Cubick Inches being reduc'd into Feet, produce ſomething 
more than 105 Cubick Feet; and the 454 Pound reduc'd into hun- 
dred Weights, produce four hundred and ſix Pound, and fo 
many hundred Weight are in a Hogſhead Eugliſb. 

Brok I quit this Chapter, it is proper to let down from the 
curious Experiments of Dr. //ybeard, and others, that one Ounce 
of pure Running or Rain Water Troy will fill 1. 8949 Inch, and 
one Ounce Averdupois 1. 725 5 Inch; one Pound Troy will fill 
22.7368 ſolid Inches, and one Pound Averdupois, 27.609 ſolid In- 
ches. One Foot ſolid will hold 76 Pound Troy, and ſixty 
two Pound 500, as before, Averdupois. 

He RE follows a Table for the converting ſolid Inches into Weight 
of Water Averdupois. The Table N“ I. turns ſolid Inches of 
Water into Ounces Averdupois, and the Table N“ II. turns Oun- 
ces Averdupois of Water into ſolid Inches, and are the-Calcula- 
tions of that excellent Mathematician Sir Jonas Moore before men- 
tioned. 


D d d Ne J. 
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NI. Ne II. 
| Ounces Aver. 5 Inches and Parts. 
110. 59522 I: | 1. 72635 
2 | I. 159044 23.451712 
3 *. 738566 3 | 5. 17668 
& | 2: 1 4 | 6. 90224 
| 5 | 2. 897611 58. 62780 | 
6 | 3+ 477133 6 | 10. 35350 
7 | 4+ 056655 7 | 12. 07892 
84. 636177 8 | 13. 80448| 
91 5.215699 9 | 15. 53994 


ExAMPLE: In an Ale-Gallon, 282 ſolid Inches, how many Ounces 
Averdupois. 
ANSWER, 163. 426 Ounces, or 16 Pound, 3. 426 Ounces. 


By the Table Ne. 


200— 115. 904406 
80— 46.361776 
2— 1.159044 


In al! 163.426 


So in 500 Ounces of Water there is 862 ſolid Inches by Table 
Ne II. and in a Foot ſolid, there will be anſwering 1728 Inches, 
62 Pound, 9. 414 Ounces. 

THE neareſt Proportion in Troy Weight, that 36 ſolid Inches 
will hold, is 19 Ounces Troy of Water, and one Pound Troy of Wa- 
ter will fill, as before recited, 22.7 368 Inches, and one Pound Aver- 
dupois 27. 609 Inches. 

HENCE is found a very good Way to meaſure any irregular Body, 
that by no mechanical Art can otherwiſe be done: Fill any Veſſel 
brim full of Water, and then dipping in your Body, receive care- 
fully all the Water that runs over, and weigh it, and by the laſt two 
Tables, turn that Weight into ſolid Inches; otherwiſe, if your Veſ- 
ſel be regular that holds the Water, obſerving the Riſing of the Wa- 
ter, and find the ſolid Feet or Inches anſwering. 


Bur 
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Bur more to our preſent Purpoſe, in Hydroſtaticks, or rather Hy- 
draulicks, let it be required to know the Cylindrical Weight of 
Water that an Engine muſt drive, the Length of whoſe Pipe is 
1500 Yards, and the Pipe itſelf four Inches Diameter. 

To find the Content of this Pipe at the End, fay as 14 is to 11, 
ſo is 16, the Square of four, to the Content requir'd. 


EXAMPLE. 


Inch. 


8 


And the Anſwer is twelve Inches, and a little more than half a 
one, and ſo much is in an Inch in Length; but as there are 36 
Inches long in a Yard, I multiply that by 12 and a half in the fol- 
lowing Manner, 


450 


And the Anſwer is 450 Inches in a Yard. Now by the Table; 


Inch. Ounces. 
400 231. 3088 
50— 28.9761 


260. 6849 


In all 260 Ounces, 6849, or 16 Pound 6 £3 Ounces, or there- 


ebouts ; but that we reject as unneceſſary. Dd d 2 SAY, 
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Say we then, If one Yard Cylindrical of Water, in a Pipe of 
four Inches Diameter, weighs 16 Pound 4 Ounc's, how much « ill 
1500 Yards weigh? Anſwer, 24375 Pound, or 217 C. 71 tb. 
Weight, beſides the Friction, Reſiſtance, Sc. 

Bur becauſe the calculating the Cubick and Cylindrical Weight of 
Water for Square Spouts, and circular Jets or Pipes, may be difficult 
and tedicus to the Learner; I have, (to finiſh this Chapter) ſubjoin'd 
a Table of ſuch Mealures: And as it has been before obſerv'd, that 
the French Ounce (conſequently all other of their Weights) are 
to the Engliſh, as 93 is to 100, fo allo it is obſervable, that as to 
Meaſures, the Cubick Foot French is to the Engliſh. as the Square 
of 16, which is 4096, 1s to the Square of 15, which is 3375; 
and chat conſequently they are, in Reſpect to each other, as 79 to 
65 Thole who are skill'd in Algebra would do it quicker ; but to 
demonſtrate this the better and plainer, 

LET it in the firſt Place be requir'd to know, That if a Foot Cu- 
bick of Water French weigh 69 Pound 12 Ounces, (as by Ozanam's 
Tables it appears to do,) how many Pound Enghiſh does it weigh, 
ſuppoſe the Eugliſh Foot were of equal Dimenſion with the French £ 
Anſwer 79 Pound, Sc. 

EXAMPLE. 


93: 100:: 69: 12 
6 


I 
474 
69 
12 
1176 
100 
— — 16 
93) 117600 (1264 (79 
246 I 44 
600 O 
420 


Rejecting the Fraction, the Anſwer is 79 Pound. But as the 
Engliſh Foot is lels than the French, and conſequently A 2 
eſſer 
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leſſer Number of Pounds in Proportion thereto, even as 4096 is to 
3375, fay we again, 
As 4096 is to 3375, ſo is 79 to a fourth Number. 


See the Operation: 
4096 : 3375 3: 79 
79 


30384 
2532 


4096) 266724 (65 49 
20944 


5 


By which it appears, that the Weight in Pounds of a Cubical 
Foot French, is to the Weight in Pounds of a Cubical Foot Eugliſb, 
as 79 is to 65, or thereabouts ; and the ſame holds good in Cylin- 
drical Meaſure. 

To come to Example then: Suppoſe, with Marriotte, Diſc. III. 
Rule v. Page 135. of the Tranſlation, that a Column of Water of 
twelve Foot high, and half a Foot Square French, weighs 210 
Pounds French, how many Pounds Eugliſb will twelve Foot of 
the ſame Water weigh? Now ſince the Eugliſb contains a leſs 
Number ot Inches than the French does, ſay, 


As 79 is to 65, ſo is 210 to a fourth Number unknown. 


Anſwer. 


79) 13650 (172 #3 


— ——— 


575 


— — — 


72 


AND purſuant to this Proportion, here follows two Tables of the 
Cubical and Cylindrical Weight of Water, from one Inch to a 
Foot 
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Foot ſquare or circular, taken at every Yard in Length, from which 
may at one View be ſeen what the cubical Contents, Weight, and 
Quantity of Water is, that drives all ſorts of Mill-Wheel; and allo 
what the Cylindrical Weight of Water is that a Mill- Wheel muſt 
driveat any determinate Length or Number of Yards. 


A Table of the Cubical Contents and Weight of any ſquare Jet, 


Spout, cr Pipe, Engliſh Meaſure ; as alſo the Cylindrical Weight 
of the ſame taken at every Tard in Length. 


5 Weis. Dit. in Pounds = Weib. Dir. in Pounds, 
Inch. Ounces: Parts. Lib. Oz. Parts. | Inch. Ounces. Parts Lib. Oz. Parts. 
I 20 86279] 1 4 86, Cc. 1 16 34933] 1 o 34, Ce. 
1: | 41 72558] 2 9 72, Cc. 1: | 32 49867] 2 0 49, Oc. 
2 83 35116 5 23 55, Oc. i} 2 62 50440] 3 12 50, Ce. 
21 125 17674] 7 13-17, &c || f 98 iz 6 2 3, Oc. 
3 187 765111} 11 11 76, Ge. 147 52658 9 3 32, &.. 
3; | 250 35340] 15 10 35, Cc. 3: | 195 7764 12 4 37, Cc. 
4 333 70464| 20 13 70, Cc. 4 262 19621} 16 6 19, Ce. 
44 | 417 25580| 26 1 15, c. [ 41327 5 20 7 84, Oc, 
5 | 521 56975] 31 9 56, G 5 | 409 Bogoo| 25 9 Bo, Ge. 

+ 54-4 625 88370] 39 1 88, Cc. 5z | 491 765711 34 7 75, Oc, 
6 749 060641! 46 13 06, Cc. ]] 6 | 588 54782| 36 13 54, Ce. 
6% | 876 237180 54 12 23, Cc. 65: | 688 47207| 43 0.47, OK. 
7 [1024 17671] 64 © 17, Cc. 7 804 71027] 50 4 71, &c. 
7; 1168 30594} 73 © 30, Cc. 7: } 917 95481] 57 5 95, Ce. 
8 1335 218560 83 7 21, c.] 8 1049 10029 65 9 19, Oc. 
8+ 1502 12088 93 14 12, Cc. [8 1180 23312] 73 12 23, Ce. 
9 1689 88529 105 9 88, &c.\| & 1327 76756] 82 15 76, Ce. 
9: [1877 65110116 1 65, @c.j| 9% 1475 11570] 92 3 11, Ce. 
10 2086 27900 130 6 27, C. 10 [1634 21921]102 2 21, Ce. 
101 2294 90690143 6 9o, Cc. 10 [1803 13685113 15 13, Oc, 
11 2524 3979/15) 12 39, Cc. 11 1912 02667 119 8 o2, Oc. 
1122733 88828172 1 88, Cc. 112 [2163 29793 135 3 29, Oc. 
12 [3c04 24176] 187 12 24, Cc. 12 [2317 61852 144 13 61, Oc, 


Tu Uſe of this Table is ſo plain, that I need not enlarge much 
upon it; for ſuppoſing you have 760 Yards of Square, or in this 
Place we will rather ſay, Circular Pipe of ſeven Inches and a half Di- 
ameter, it is plain that a Yard in Length of Water within ſuch a 


Pipe 
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Pipe weighs fifty-ſtven Pounds, five Ounces, ninety- five Parts: This 
may be multiplied by 760; but becauſe thoſe odd Meaſures and Frac- 
tions will create much Trouble, I have choſe rather to multiply 
the 917 Ounces, 95481 Parts, by 750 as is ſhewn in the Example. 


Ounces Parts 
917 95481 
760 


5507728860 
642568367 


— Pounds Parts b 
16) 69764565560 (43602 85347 Something more than 
57 half a Pound. 


HAB. . 


Of artificial Fountains, Jets d Eau, Oc. 


GREEABLE to what has been before treated of, thoſe who 

have wrote of the Theory and Conduct of Water for Reſer— 
voirs, Fountains, Sc. have endeavoured to explain themſelves in 
about twenty Propoſitions ; which, lik: ſo many Maxims, ſerve tor 
the Foundation ot all that can be {aid on the Riſing or Spouting of 
Water in Fountains ; and they are chiefly theſe. 
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Pro? I. That Air may be compreſſed, but not Water. 


Prov. II. That Water cannot enter into a Veſſel, but there muſt come 
forth as much Air, except the Water be ſent in by Force. 


Prov. III. From whence it follows, by the contrary Reaſon, (as de 
Caus has it,) that if a Veſſel be full of Water, it cannot be emp- 
tied, ſo as that the Air ſball not enter therein. 


Prov. IV. That there can be no Vacuum, or Space, entirely devoid 
of Matter (though there may be a diſperfd Vacuum) in the 
World. 


PRor. V. I/ Air be preſſed into a Veſſel wherein there is N ater, 
and that you give it Paſſage by ſome Pipe, the ſaid Water ſhall 
come forth with Violence. 


Prxo».VI. That Water weighs upon that which ſuſtaineth it according 
to its Height. 


Prove. VII. That Water naturally aſcends to the Level of the Place 
from whence it did deſcend. 


By theſe and ſome other Propoſitions it 1s, that the Riſe of 
Water in Syphons, Syringes, Fountains, Sc. are demonſtrated, 
which I ſhall rot here conſider ſeparately, but take a ſhort View 
of Air, which by its Gravity, Elalticity, and Impulſe, agitates Wa- 
ter and other Fluids; referring my Reader for his fuller Direc- 
tions in this Matter to thoſe Chapters where the Gravity, Elaſticity, 
and Impulie of Air, are more fully handled. 

LET ABCD Fig. I. Tab. ſeq. be a Veſſel filled to the Brim 
with Water, and in 1t let rhere be placed a Curve Tube, or Sy- 
phon, E GH K, likewiſe full of Water, the Orihce whereof I K is 
tor that Purpoſe ſtopp'd with the Finger or otherwiſe. If now you 
remove your Finger from I K, every Body knows experimentally, 
that the Water will run out from I K to Z, rifing up in the mean 
Time in that Part of the Syphon EG which is ſhorteſt, and coming 
down in the longeſt H K, as long as the Water in the Veſſel con- 
tinues higher than the Mouth of the ſhorteſt Leg EF. 

Now to know the Force and Manner whereby this Operation 
15 brought about, flop the Syphon again with your Finger ar I K, 


by 
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by which Means the Water in that, and in the Veſſel will ſtagnate. 
Suppoſe then X to be the upper Place of the Air, which preſ- 
{es here upon the Water, and produces the horizontal Plane of the 
Water, A D, throws PQ to RS whereof LM, NO, PQ, and 
R S, are equal Parts; and thereupon, according to the preceding 
Rules, the Part LM will be preſſed with the Weight of Air gravi- 
tating thereupon. | 

SueeOsE the Preſſure LM, to be a hundred Pounds, the Water 
ColumnPQIK by 5, of ten Pounds; and that of the Air RS TV, 
being of the fame Height, by c, of one Pound: Now ſince LM, 
NO, PQ, which are equal Parts of the fame horizontal Plane AQ, 
and all Water ; and to all which we may ſuppoſe, that a Line or 
Thread may be drawn without paſſing through a ſolid Body, or 
any other Fluid befides Water; and ſince by the Action of the Sy- 
phon, the Plane L M moves, or is preſſed downwards, that of NO 
upwards, and that of PQ again downwards; if every Thing be 
reduced to reſt by ſtopping the Orifice I K, the Powers whereby 
the ſaid Planes were preſſed upward and downwards will be equal, 
and LM being preſſed downwards, by the Weight of the Air Co- 
lumn LW M, that is by a, or a hundred Pound, N O will be preſ- 
ſed upwards and P Q downwards by the ſame. 

Ir we now join to the Weight of this Air Column of 4, or one 
hundred Pounds, which —— PQ downwards, the Water Co- 
luma _ QIK of E, or ten Pounds, by which IK is likewile preſ- 
ſed downwards, the Force or Weight which preſſes I K, will con- 
{iſt of 4 join'd to &, or of one hundred Pounds, and ten Pounds, 
to wit, of the Air and Water Columns together. And fo, it is 
with this Force that the Water gravitates downwards to Z. If 
now the horizontal Plane paſſing through IK be extended to V, 
and T V ſuppos'd cqual to I K, then will TV be preſs*d down- 
wards by the whole Column of Air I V X, that is, by RSX of a, 
or one hundred Pounds, (the fame being equal to LMI V,) and by 
RSTY of c, or one Pound, that is, of à and e, or one hundred 
Pounds, and one Pound join'd together. Now juſt ſo much Force 
is the Part I K, or rather the Air preſſing againſt L K, or the Fin- 
ger, (if we don't conſider the Thickneſs thereof preſs'd upwards,) 
o that here is ſeen two Powers preſſing againſt cach other on I K, 
or the Separation of Air and Water operating and acting againlt 
each other; and the Fact is obvious toany one. 


| E « Mar- 


— > — 
—— — — re red — — ä — — —— - — — — 
— —— : = 
286 — 


— —— — — — 
- 


_—— — * 


— —.᷑—— 


— —— — — IE 


294 An Iutroduflion to a General Syſtem 


Marriotte, Part IV. Diſc. 1. of his Hydroſiaticks, tells us; 
that the like Effects will follow from Weights put upon a Syringe. 
For Example, Let 4 BCD, Fig. 2. Tab. ſeg. be a Syringe of three 
Inches diameter, having at its Pallage a Bore of four Lines at E, 
tie Piſton is FG, Which has a Plate below its Handle, to which it 
is fix d, that the Syringe may be kept upright, the Piſton bein 
juſt within; there is Water pour'd in, to fill from the Height of 
the Piſton L, as far as E; MN, OP, are two Sticks fix'd to the 
Body of the Syringe, on which hang two cqual Weights Q and 
R, with two Cords on each Side of the Syringe. I fay, that if 
theſe two Weights, which we may ſuppoſe to be Air, weigh twen- 
ty Pounds, any Jet will ſpout through E, as high as by any of the 
recciv'd Laws of Hydroſtaticks it would, (if it were ſo much in- 
cumbent Air,) and would produce the ſame Effects, though it were 
in YVacuo, What any additional Weight would effect, or how 
much higher they would raiſe the Water in larger Tubes, is 
fully prov'd by Marriotte in Fig. 83, 84, 85. of the aforeſaid Dil- 
courſes, to which L reter my Reader. 

THe Obſervations made on this Head by the aforeſaid very cu- 
rious Author, have produc'd a Machine, which he calls Fons Hero- 
ug, or {Hero's Fountain, deicrib'd in his Treatiſe De Spiritalibus, 
according to the Tranſlation of Commandinus, which take as fol- 
lows. | 

LET EFGH (PF. 3. Tab. ſeq.) be a Machine full of Water, 
as far as the Line IL, a little below EF; and a Pipe MN, which 
is well folder'd at M and O to the two Plates EF, GH, which 
make the Top and Bottom of the Trunk, to hinder the Air from 
going into it. The Trunk EG will ſerve for a Ciſtern or Re- 
ter voir. 

Ir is neceſſary, however, that there ſhould be another Trunk 
equal to the firſt, as CDI K, full of Air, to which the Pipe MN 
may be folder d. When we pour the Water through M, it will 
go down through N, as far as KI; and being riſen up as far as 
PQ, the Air contain'd in the Space QP C D, and in the Pipe XY, 
open at X, and well ſolder'd to the two Trunks, will not be able 
to go out through A, and will be condens'd by Degrees, till there 
be made an Xquilibrium between the Weight of Water in MIN, 
and the Spring of the included Air. 


For 


of Hydroſtaticks and Hydraulicks. 295 


Fox Example: If the Water be raiſed to RS, the Air contain'd 
in the Space CDS R in the Pipe XY, and in the Space ELF L, 
will be condens'd by the Weight of the Water MS, aud will preis 
the Water IH GL; then if we open the Adjutage A, whole Pipe 
deſcends near HG towards V, the Water will ſpout to the Heigitt 
A Z, very near equal to the Height MS, becauſe the Air which is 
preſs'd by the Height of the Water MS makes the fame Effort 
upon the Water 1G, as if the Pipe MS, (full of Water,) was 
above the Water IL; and the Water which {hall fall from the Jet, 
paſſing through M will re-enter into the lower Trunk; and by 
this Means the Jet will laſt till all the Water, (which reach'd from 
the Extremity V, of the Pipe AV, to the Extremity Y of the Pipe 
XV) be gone out in ſpouting. 

Ir in this Place we ſhould conſider Water, not only as to its 
Riſe, but the Beauty it is to afford in Fountains, certain it is, that 
the Beauty of it conſiſts in that Uniformity and I ranſparency which 
it affords at the going our of the Adjutage, of which there are ſe— 
veral kinds, as being ſubject to the leaſt Friction of any yet con- 
triv?d; but of this more in its proper Place. 

ACCORDING to what has been before fet down, Water will 
not riſe higher, if to high, as the Fountain which ſupplics it; but 
however, there are Methods whereby Water in artificial Fountains 
may be made to rife higher than the Water in the Reſervoirs or Cit- 
terns which ſupply them, without any Means whatſoever, ſave 
the Gravity and Weight of Water itſelt. 

ILET ABCD, Fig. 4. Tab. ſeq. be an open Ciſtern, from 
which an open Tube NR is carried downwards, through the Co- 
vering EH of another Ciſtern E F GH, {hut fo cloſe, that no Air 
can get in, paſſing down to R, almoſt to the Bottom of the Ciſ- 
tern F G | 

From the upper Part of this loweſt Ciſtern EH, there ariſes 
a ſecond Tube 8ST, paſſing on almolt as high as TD, or the 
L-d of a ſecond Ciſtern DCKI, which is likewiſe cloſed; and 
from thence there is again deriv'd a third Tube to LMO which 
is {topp'd with a Cock, which has a large Orifice at MO. More- 
over, in the Ciſtern DCKI there is a Hole at P, which can be 
open'd and ſhut by another Cock or Stopper. 
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To ſet this Machine to work, pour in Water at the Orifice P in- 
to the Ciſtern DCKLI, till the Tube LZ QO be full; ſhut the 
the Cock MO, continuing to pour Water in at P, till the Water 
riſes in the ſaid Ciſtern to the Height T Y, or level with the 
I. Zouth of the Tube T; then ſhut the Cock P, and pour in Water 
to the Ciſtern till it riſes to the Height 2 T. This is not indeed 
abſolutely neceſſary here, but is preſcrib'd, to the End that by ta- 
ling the Height of the ſame Water in both the upper Ciſterns, the 
Calculation may be the more ſimple, and conſequently the more 
intcllizible to unexperiencd Perſons. 

lis being done, and every Thing at Reſt, upon the Opening 


MO you will ſee the Stream of Water rifing up to V, through 
the middle Orih-e of the Plate 5, 6. or at leaſt to a conſiderable 
Height above the uppermott Superficies 2 'T of the Water which 
is in the Ciſtern ABCD and DCKI, and which preſſes upon 
the Stream 6 V. And in this Place it muſt be obſerv'd, that for- 
almuch as the Water of the upper Ciſtern ABCD deſcends into 
the lower EFGH during the Play of the Fountain, there muſt be 
a Hole in the latter, from whence the Water may be diſcharg'd ; 
which being done, it muſt be ſtopp'd up again, if you play the 
Fountain in the Manner you did before; or otherwiſe you may 
place a little Pump at 2 through the Tube N R, down to the Bot- 
tom FG, and then pump the Water out of the lower Ciſtern 
EF GH through N, the Cock being open'd in the Ciſtern 
DCKLTI. 

We: have already given an Account of the Fountain of Hero 
Alexandrinus, as deſcrib'd by Marriotte with ſome Improvement. 
But whereas, in that of Zero it is not poſſible to make that which 
ſpouts out to attain to a Height equal to that of the Fall; but in this, 
notwithſtanding the Height of the Machine was no more than 
three Foot and a half, the Jet role five Foot higher than the Water 
in the upper Ciſtern. 

LET GAFH Fig. 5. Tab. /eq. be the uppermoſt Ciſtern, lying 
open, and having under it two ſmaller, and every where Air- 
tight Ciſterns ABCD and DCEF, each of thoſe has an Orifice 
or Hole, one at M, and the other at N, and both of them may be 
reader'd allo Air-tight, by ſtopping them with a Cock, cover'd 
with a wet Bladder, or a Cock. There are likewiſe two cloſe 
Ciſterns below STRP and PRQO. From the Bottom A F 
of the uppermolt Ciſtern GA FH, there paſſes a Tube KI down- 

wards 
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wards almoſt to the Bottom RT of the Ciſtern PRST, but in 
ſuch a Manner, that the fame, or whatever it contains, has no Com- 
munication with the Ciſtern DCEF, through which it paſſes. 
And from 3 in PS, there is carried a Tube 3 L upwards, juſt 
below the uppermoſt Plane DF of the Ciſtern DCEF; from the 
Bottom of which CE there deſcends again at 9 a Tube at 9 ), ter- 
minating in the other Ciſtern QO PR, very near the Bottom of it 
Rz and this ſame Ciſtern QO PR ſends again a Tube 4 7, upwards, 
which beginning at 4, is carried on to Z, exactly under the upper- 
moſt Plane AD of the Ciſtern ABCD. Laftly, at AD there is 
a Tube Pr, cloſe folder'd at 5, 6, which riſes to 7b only, or a 
very little higher than the Plane AD, and paſles downwards to P, 
or nearer to the Bottom BC. 

Ox the Top of this laſt Tube another was fix'd 7 8, which at WS 
was cover'd with a flat Plate, having a ſmall round Hole in the 
Middle of it, through which tlie Stream was to paſs, which was 
cloſed at the Joint R with the fineſt Plaiſter, fo that it was imper- 
vious either to Water or Air. 

Now to work this Machine it is to be turn'd upſide down, fo 
that the Ciſtern G A F H be undermoſt, and having fill'd both the 
Ciſterns ABCD and DCEPF with Water at the Orifices M and 
N, the ſaid Orifices are to be ſtoppꝰd with a Cork and Bladder, put- 
ting a Finger in the mean Time upon the Hole in the little PlateW 
8, to tlic Eud that the Water pour'd in at M, or ſo much of it as 
was above , might not run out. 

Ir will not be neceſſary to give an Account here, how the Wa- 
ter ſubſiding or ſinking from G , through the Tube KI preſ- 
ſes the Air out of the Ciſtern PRST through the Tub 3 L up- 
wards, which finding no Room any where but by preſſing down- 
wards, the Water in the Ciſtern DCE E, protrudes the ſaid Water 
towards the Ciſtern OQRP, with much greater Force than that 
of its own or ſingle Gravity. At which Place the Water likewiſe 
aſcending, the Air is protruded with the ſame Force from OQR P, 
through 4 Z to the Ciſtern AB CD, which cauſes the Water to 
ſpring out of the Tube 8 after this Manner, with almoſt the 
Force of both the Weights of the Water Columns Y H and KI; 
and in this Manner may be deduc'd the Operations of the aforego- 
ing Fountains, Syphons, Sc. without any Calculation. Nor will 
it be difficult to any one that underſtands this aright, to cauſe a 
Stream of Water to riſe up to any given Height by a ge 2 
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Multiplication of Ciſterns and Tubes, the Height of the Deſcent of 
Vater being likewile given, as may be ſeen in Bock/er?s elaborate 
Treatite oft Architeffure and Hydroſtaticks, which I have much 
Occalion to conſult in this and the following Volumes. 

Bur to finiſh this Account: The Machine we have been juſt gi- 
ving an Account of, may be improv'd in ſuch a Manner, as not 
to have Occaſion to invert it, nor yet ſtop the little Hole of the 
Column W 58, with the Finger, or any Thing elſe, by Stop Cocks 
in other proper Places, and by making the Orifices M N, above at 
AF, as is known to every Body that has any Skill in theſe and 
other kinds of Water-Works. 

Lig. 6. Tab. ſeq. is a Scheme wherein the Motion of Water in 
a Curve Tube is deſcrib'd, of which more in its proper Plaee. 

AND ig. 7. Tab. ſeq. is the compleat compound Fountain of Hero's, 


as. deſcrib'd by Graveſande, the Conſtruction of which is very 
plain and obvious. 


{| 


CHAP, XXXVI. 


Of the Conſtruction and Uſe of a Gauge for Meaſuring of 
Water, and of the Diſtribution and Expence of it to Cities, 
Towns, Gardens, WC. 


MONGST the Works of the celebrated La Bion, I find 

a Gauge, which he appears to have taken from Marriutte, 
tor to know the Quantity of Water which a Source furniſhes, which 
is of a ReQangular Parallelopepidon of Braſs well folder*d, about 
a Foot long, cight Inches broad, and as many in Height, more or 
lets, according to the Quantity of Water to be meaſured, having 
{everal round Holes very exactly drill d in it, at an Inch in Dia- 
meter; and others for half an Inch of Water to paſs through; and 
allo others for a Quarter of an Inch of Water to pals through them: 
All which ought to be drilPd, ſo as that their Centers may be of 
the ſame Height. The upper Extreams of the Inch-Holes mult be 
within two Lines of the Top of the Gauge; and the Holes are 
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ſtopped with little Braſs ſquare Plates, adjuſted in the Grooves, 
1, 2, and 3. There is Braſs Partition croſſing the Veſſel mark'd 
4. fix d about an Inch above from the Bottom, and drill'd with ſeveral 
Holes to make the Water paſs more freely. This Partition is made 
to receive the Shock of the Water falling from the Source into the 
Gauge, and hindering it from making of Waves; ſo that it may 
the more naturally run out through the Holes; where note, that to give 
a cylinderick Inch of Water you ought to allow twelve Lines in Dia- 
meter, that giving half an Inch ouglit to be eight Lines one Half; and 
that giving a Quarter of an Inch ought to be exactly ſix Lines: All 
which may be found by Calculation. 

To uſe the Inſtrument, it muit be placed, ſo as that its Bottom 
may be parallel to the Horizon; and then let the Water of the 
Spring or Source run through a Pipe into the Gauge, (as by the 
Figure, ) and when it wants about a Line of the Top, open one 
of the Holes (for Example) of an Inch: Then if the Water always 
keeps the ſame Height in the Gauge, it is manifeſt that there runs 
as much into it, as goes out of it; and fo the Spring or Source 
will furniſh an Inch of Water : But if the Water in the Gauge 
riſes, there mult be another Hole open'd, either of an Inch, Half 
an Inch, or a Quarter of an Inch Diameter; ſo that the Water 
may keep to the ſame Height in the Gauge, that is, to a Line above 
the Holes of an Inch, and then the Number of Holes opened will 
give the Quantity of Water furniſhed by the Source or Spring. 

THe little Veſlel receiving the Water running out of the Gauge, 
is to ſhew how much Water the Spring furniſhes in a determinate 
Space of Time; for having a Pendulum, which ſwings Seconds, 
note how many Seconds there will be in the Time that this 
Veſſel, ſet under the Hole, giving an Inch of Water, is filling; 
and exactly Meaſuring the Quantity of Water it contains, you may 
know the Quantity of Water the Spring or Source furniſhes in 
an Hour. | 

THERE have been ſeveral exact Experiments made upon this 
Subject, (which have been ſet down beiore in this Treatiſe,) from 
whence, as has been before oblerved, one Inch of Water will fill 
fourteen Pints of Paris Meaſure : But of this ſo much has been 
ſaid already that I need not repeat ir. 

To meaſure the running Water of our Aquaduc or River, 
which cannot be received into a Gauge, you muſt put a Ball of 
Wax upon the Water, made fo heavy with ſome ocher Matter, 
as that there may be but a ſmall Part of the Ball above the Sur- 
tace of the Water, that ſo the Wind can have no Power of it: 


And. 
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And, after having meaſured a Length of fifteen or twenty Foot 
of the Aquaduct, you may know by a Pendulum, in what Time the 
Ball of Wax will be carried that Diſtance; and afterwards multi- 
plying the Breadth of the Aquadu@ or River by the Height of 
th: Water, and that Product, by the Space which the Ball has moy- 
cd, this laſt Product will give all the Water paſſed in the noted Time 
trough the Section of the River, (as has been elſewhere ob- 
ſerv'd. | 
To 3 to Example: Suppoſe that in an Aquaduct two Foot 
wide, and one Foot deep, a Ball of Wax moves in twenty Seconds 
thirty Foot; which will be one Foot an half in a Second: But becauſe 
the Water moves ſwifter at the Top than at the Bottom, you mult take 
but twenty Foot, which will be one Foot in a Second: The Pro- 
duct of one Foot deep by two Foot broad, is two Foot; which 
multiplied by twenty Foot, the Length, gives forty cubick Feet, or 
forty Times thirty-five Pints French Meaſure of Water, which 
makes fourtecen hundred Pints in twenty Seconds: And if twenty 
Seconds give fourteen hundred Pints, fixty Seconds will give 
4200 Pints, and dividing 4200 by 14, which is the Number of 
Pints an Inch of Water gives in a Minute or fixty Seconds, the 
Quotient 300 will be the Number of Inches, which the Water of 
the Aquaduct furniſhes. And thus much I thought proper to inſert 
in this Place, though it be a kind of Rep-tition of what is gone 
before. And new I proceed to the Manner and Method of Diſtri- 
buting of Water for the Supply of Cities, Towns, Gardens, Sc. 
SEVERAL are the Methods which I have obſerved, that Foun- 
tain-Makers, and Water-Workmen uſe in this Affair; but none are 
{0 exact as thoſe which the, curious Marriotte makes uſe of. 
HiTHERTo we have treated concerning the Coming in of Wa- 
ter only; it now remains that we treat of the Expence or Going out 
of it, as it relates to the furniſhing Houſes and Gardens, which 
depend very much, 1t not altogether, on the Rules before going. 
Ie, therefore, a Spring ſuch as is that of the Town of Chelm f 
ford in Eſſex, happens to the Lot of any Gentleman, or of any 
Society of People in a City, what may not ſuch Perſon or Perſons 
do, either as to the Supply of Buildings, Fountains, or Caſcades : 
Since by ſeveral Experiments that have been there made with great 
Care, that Spring from a five Inch Main, whoſe Content 1s twen- 
ty-five Inches ſquare, produces 12272 Hogſheads, 48 Gallons in 
one Day; which will be ſufacient for any large Family with their 
Gardens, Sc. or even any Town Corporate, that is not very large 
:adeed ; eſpecially if it is conducted into a Reſervoir, and un. 
ure 
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buted as it is occaſionally wanted, into the ſeveral Parts of the 
Houſes and Gardens of ſuch Places. 

IT will be impoſſible to calculate the various Uſes to which this 
Water may be applied, or the Manner how, in as much as it de- 
pends on the Sizes of your Pipes, and the Jets or Sheets of Water it 
is to ſupply ; however the following Account may ſerve to give 
ſome Inſight into what IJ am now putting down. 

SueeOSING then that you have Cocks to ſupply in the Houſe, 
two of two Inches Diameter, two of one Inch and an half, two of 
one Inch, and two of half an Inch; for one or more or theſe Sizes 
are always wanted. 

Su>rosR alſo that you have as many Pipes to ſupply in the Gar- 
den, and that there are Caſcades of thirty Foot wide in Additon to 
it; the great Queſtion is how big, or, in other Words, how many 
Inches Diameter mult a Pipe of Conduct be, that is to ſupply them 
conſtantly and upon all Occaſions ; becauſe it would be a conſiderable 
Detriment to the Uſes of rg Houſe, as well as Beauty ot your 


Gardens, if they cannot be ſupplied all at one Time. Your Me- 
thod muſt be thus. 
Inches Squaro. 


The Two Pipes of two Inches Diameter each amounts to 8 
The two of one Inch and an Halt Diameter. 


4 
The two of one Inch 2 
The two of half an Inch X 

: — 
Now all theſe added together makes 15 
And the ſame repeated makes 30 
To which, if you add the Width of the Caſcade 
of thirty Foot, at half an Inch Thickneſs of Wa- 18 
ter, which is thick enough, the Account will * 
be 


In all 210 


THE Square Root whereof being fourteen Inches and an Half, fo 
much muſt the Pipe of Conduct be that is to ſupply ſuch a Demand; 
and ſo much ought a Spring to give * But as there are few Foun- 
tains, which play Day and Night; and as chere are few Offices or 
Buildings that are in continual 1 of Water when there is 4 _ 
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Reſervoir made before-hand, where the Water is to lodge, a © pring 
of ten Inches will ſupply them all a whole Day ; and as they are 
but occaſionally uſed, ſuppoſe two whole Hours in a Day, (which is 
33 the molt that they are,) a Spring of four Inches will be 
ufficient; but then the main Pipe whicli goes out of the Reſervoir 
muſt be fourteen Inches, as above. 

AGAIN it is neceſſary to come to a nearer Calculation than Or- 
dinary where the Springs are but penurious, or you are ſupply'd by 
an Engine. 

IT is certain that half an Inch Pipe is ſufficient for moſt ſmall 
Families, and for all the Offices of a Houſe, except the Brew-Houſe, 
or Waſh Houſe, which ought to be at leaſt one Inch Diameter ; 
when I ſay half an Inch I mean ſix Lines, which gives but a Quar- 
ter of the Water which a Pipe of one Inch or twelve Lines does, 


which 1s all I think requifite to add in this Matter ; becauſe 


every Owner of a Family may by a little Obſervation know what 
Quantity of Water he ſhall want in a Day or a Week, taking one 
Time with another, better than any Calculator poſſibly can. 
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C H A P. XXXVIL 


A Deſcription of the Thirty laſt Plates. 


LATE XXXI. This Plate is a Plan which belongs to the 
Perſpective of Plate XXXIII. wherein is ſeen not only the 
Water, but the Walk on each Side, with rhe Pedeſtals, which repre- 
ſent the Cypreſs Trees, which ſee in the Perſpective, together with 
the ſquare Troughs in the Hills, out of. which the ſaid Water is 
made by Nature to ſpring out of the Hill, and is delivered after 
its Paſſage through a Canal of a Length undeterminate over the 
Caſcade, or Head of Water. 
Tux Plan was originally deſigned for a Gentleman in the Weſt, 
which might, at a reatonable. Expence, have been executed, and is 
here produc'd as a Specimen of this Kind of Work. The farther 
Particulars whereof will be inſerted in the thirty third Plate, after T 
have given a ſhort Acount of rhe next, which relates in a very particular 
Manner to the Calculation and Expence of Water over the Heads 
of Caſcades. 


PLATE. 
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PLATE XXXII. The Deſcription of this thirty-ſecond Plate is 
more fully found in the Chapter aforegoing, wherein are ſeveral 
Particulars which relate to the Paſſage of Water over Caſcades, 
and Sewers of Water, which will there more plainly appear. 


PLATE XXXIII. This thirty-third Plate is an Upright and Per- 
ſpective of the thirty firſt foregoing ; for which I am obliged to | 
my ingenious Friend Monſ. V. Devoto, who has made a Collec- 1 
tion of Drawings of this, and other Works of this Nature, in a 
Taſte very agreeable to the Rural Way; I have in this and ſeveral l 
others of my Deligns endeavoured to recommend a Deſign, which, | 
I am almoſt bold enough to ſay, equals, if not' exceeds, whatever | 
has been produced either by the French or 1talians. 

THe Hills from whence the Water proceeds, repreſent themſelves 
at a Diſtance, and are Reſervoirs proper for the Delivery of ſuch 
Water; of which Hills there are ſome in the Weſt, as well as mas» 
ny other Parts of Eugland very ſuitable for ſuch a Purpoſe ; of 
which the OQuantic“ and other Hills in the County of Somerſet and 
Glouceſter are plain Proofs: And I muſt add that a Deſign of this 
kind muſt well have fitted the precipitate Falls of 1taly, Switzere | 
land, and other Places. 

THE Steps are indeed drawn a little too ſmooth, but if the 
Water was condutted over a Cataract or rough Caſcade, it would | 
(in my humble Opinion) merit a Place prior to any Deſign pro- 
duced in this or any Book of Water-works. 


PLATE XXXIV. Is an Upright and Perſpective of the Caſcade ; 
at Buſby Park, the real Deſign (at leaſt the approved one) of | | 
that great Mzcenas of his Age, the late Earl of Halifax, whole 
true Taſte in rural and extenſive Gardening, I have long ago 
took Leave to celebrate. 

Tuis very handſome rural Deſign is ſupply'd by a Branch of 
the River Colne ; which, though not affording a perpetual Current, 
yet is never wanting to give Spectators a particular Pleaſure. 

THE Deſign is to well known, that T need not expatiate or 
enlarge upon it; but is, however, of ſo rude and ruſtick a Man- 
ner that it may well ſerve as a Pattern or Model to any that ſhall 
be diſpoſed to make uſe of Water-Works. 

Treks is one Thing obſervable in the Judgment of the noble 
Lord betore-mentioned, and ,which is his not endeavouring to 
crowd much Wood about this * as the Italiaus and * 
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do, inaſmuch as it is in a Country where there is not ſo much 
Heat as there is in thoſe juſt mentioned ; and this Conſideration it is, 
that has very jultly beea the Occaſion of ſome modern and very 
great Deſigners in Gardening, to make their Deſigns more open 
and freer Fom Cover; becauſe Water, however delightful it is, 
is apt (eſpecially if in the Shade, and not clear) to detract greatly from 
the Beauty of it. And this, in my humble Opinion, is a very great 
Objection to the otherwiſe very pretty trifling Water- Works of my 


> deceaſed ingenious Friend, Zohn-Kyrle Ernly, at Sandy-Lane, 
ts. 


PLATE XXXV. The next Plate I produce, is from the Italian 
Fountains, and is called the Fountain of the Tower, ſituate in the 
Gardens of the Vat ic an at Rome, the Architecture of Carlo Maderno, 
and was, as. appears by the Inſcription, erected by that great 
High-Prieſt Paulus V. (ad augendum Palatii Proſpectus & Hortorum 
decorem,) as that proud Gentleman on his Frontiſpiece has it. 

TE good natured Reader will be ſo favourable as to 
_ obſerve, that I don't produce this Draught out of any great 
Oſtentation as to its Beauty, but as it ſerves, (being of a Portico 
Conſtruction) as a Forerunner to uſher in the Draughts of ſome 
of the ſo-much-famed Water. Works of Italy. 


PLATE XXXVI. The thirty-ſixth Plate is a Fountain upon a 
a Flat in the Wood, in the Gardens of Belvedere at Freſcati, 
belonging to the ſo-much-famed Family of the Aldobraudi ; 
which being ſituate in Cover, and of Ruſtick Appointmeat can't 
(though ſmall). be an inelegant Figure in Fact. 


PLATE XXXVII. The Reader will probably wonder, that 
I have mix'd this Plan (which is purely Eugliſb) amongſt the 
Perſpectives of Italy and France ; but fo it is, that a Gentleman 
of pretended Honour, whom I ſhall not Name, gave me great 
Hopes of copying the Plans of the Water-Works of Yer /azlles ; of 
which I intended to make the 31ſt, 32d, 34th, 35th, and 36h 
Plates, and to. have let this follow them, that I might have made a 
Parallel of our Eng/ih Way of Deſign, compar'd with that of France. 
Bur as that Perſon (after long Promiſes) deceived me, and 
thereby hinder'd the Publication of ſome of the beſt Things among(t 
the French Water-Works, I was obliged to give thoſe Plates the 
Turn they now have. 
THE 
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Tat upper Part of the Work may very eaſily be ſeen to be 
a Sketch of the fine Amphitheatre at Claremont, (belonging. to 
his Grace the Duke of Newcaſtie) the Deſign of the very ingeni- 
ous Mr. Bridgeman, and the lower Part, where the Water Spouts 
out, is an Addition of my own, from a Work of that kind that 
I have done for the Right Honourable the Earl of Orrery, at Mar- 
fon in Somerſetſbire. | 

Ix this Compolition, which I humbly conceive to be the nobleſt 
of any in Europe, may be ſeen a very magnificent Taſte and 
Way of thinking, and in which I can't help obſerving, that had 
the ingenious Deſigner had more Room at Claremont, he would cer- 
tainly have made his Water much larger than that little Circular Ba- 
ſin, which is ſeen therein, and which is very much eclips'd by the pro- 
digious Grandeur of that Amphitheatre. And this I note for the 


Advantage of thoſe who have more Room tor ſuch a Purpoſe: As. 
for the reſt the Plan ſpeaks for itſelf. . | 


PLATE XXXVIIL The next Account to be given of the Plates: 
placed at the End of this Book, is of ſome Defigns of Water- Houles, 
Grots, Sc. the firſt of which (Plate XXXVIII.) is amongſt 
the Deſigns which are brought over from France, and carries with 
it the Title of Cecropidarum Sacrilgga Curioſitas, or the Sacri- 


legious Curiolity of the Cecrops, Daughters of Ops and Terra of 
whom Ovid thus: 


Nam tempore quodam 
Pallas Erichtbonium, prolem fine matre creatam, 
Clauſerat Aclao texta de vimine ciſta, 
Virginibiiſque tribus gemino de Cicrope natis 
Hauc legem dederat, ſua ne ſecreta viderent. 
Abaita fronde levi denſa ſpeculabar ab ulmo, 
Quid facerent : commiſſa due ſine fraude tuentur 
Pandroſos, atque Herſe : timidas vocat una ſerores 
Aalaurus, nodsſque manu diducit : at intus 
Tyfantemque tident, apporrectumque draconem. 


PLATE XXXIX. I ſhall not pretend to Ergliſh nor enlarge 
on this Piece, but leave the Determination of the Deſign to the 
Curious Reader, and proceed to Plate XXXIX. which is taken from 
the ſame Le Architect Paultre, (by Miſtake /2 Nautre on the 
Plate.) which is alſo from Ovid. Met. Lib. III. ver. 407. The De- 


fign is of Narciſſus placed in a Nitch, who flighting Eecho, and 


falling 
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falling in Love with himſelf, is drawn above a Fountain with 
Water ſpouting out of the Heads of Dolphins underneath : Ot 
which Ovid thus; and which containing a Kind of rural Detcrip- 
tion, I inſert at full Length. 


Fons erat ilimis nitidis angenteus undis, 
gow neque paſtores, neque paſte monte capellæ 
ontigerant, alnidve pecus; quem nulla volucris, 
Nec fera turbarat, nec lapſus ab arbore rams : 
Gramen erat circa, quod proximus humor alebat, 
Sylvaque fole lacum paſſura tepeſtere nullo. 
Hic puer & ſtadio venandi laſſus © &/tn, 
Procabut, faciemqgue loci, fontemgue ſecutns : 
Dumque ſitim ſedare cupit, ſitis altera crevit, 
Dumque bibit, viſe correptus imagine forme, 
Rem ſine corpore amat, corpus putat efſe quod umbra eff. 
Aadſtupet ipſe ſibi, vultuque immotus eodem 
Heret : ut e pario formatum marmore ſignum, &c. 


PLATE XL. Is alſo another Deſign of La Paultre's, and is 
the Story of Meleager and Atalanta, Ovid. Metam. Lib. VIII. 
who 1s here repreſented with a Shaft of Arrows on her Back. 
This Deſign whether ever executed by the Architect, or no, I can't 
tell, is, I humbly ſuppoſe, amongſt the molt curious of all he de- 
ſigned. The Architecture on each Side is regular and juſt, and 
the rude Arch in the Middle, makes it, I think, one of the beſt 
Deſigns I have or ſhall produce. 

My late good Friend Zohn-Kyrle Ernly, at Il hettam near Son- 
dy-Lane, IW ilts, on the Road to the Bath, had a Deſign at the 
Head of his long Caſcade much like this, which has, in the 
Opinion of many good Judges, a very good Effect from the Bot- 
tom of it, only the Caſcade is too narrow. And this brings me 
to the chief and beſt of the French Deſigns at Yerfailles, which 
for Expence or Coſtlineſs excceds all the Water-Works of Europe if 
not the whole Wort. 


PLATE XLI. This forty firſt Plate is taken out of a Collection 
of French Prints ſome Years ago engraved by the beſt Artiſts in 
the Gobeline Square; and contains a View and PerſpeQive of 
the Fountain of the Stars, ſituated in a little Wood; in the Middle 


8 1 five Walks meet, which makes a Kind of Saloon of Foreſt 
or. 


THE 
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THE Border of the Fountain 1s in Part done round with ruſtick 
Work; but there are between thoſe Works, (tronting the five 
Walks,) Openings over which the Water falls in the Nature of 
a Caſcade or River. The Column of Water in the Middle breaks 
out alſo through a Mole or Heap of ruſtick Stones, as do all the 
Jets which break out on each Side ; and theſe Kinds of Deſigns I 
produce as the beſt amongſt the Deligns of the French, which are 
generally too regular and ſtiff, and adorned with too much Art. 


PLATE XLII. The forty-ſecond Plate is alſo call'd La Fontain 


d' Etoille, or Fountain of the Star: And an Account of the Largeneſs of 


the Column of Water La Montagne d Eau, or Mountain of Water 
at Verſailles, and is on the ſame Side as the Theatre, in a little 
Wood in the Middle of five Allies, or Walks, border'd by a 
Kind of Saloon. The Water which ſpouts from this Fountain, 
is in the Shape of a great Mole, or Mountain, and falling again 
five Ways, forms ſo many Rivers, or Rivulets, which fall trom 
the Foot of the Baſin, into Alleys at equal Dittances ; and in the 
Middle are Rocks which caſt forth Water, very pleaſant to the 
Curious Beholder. 


PraTE XLIII. The next Plate IT produce is a Perſpective View 
of the Gallery of Water at Yerfaz/les, which being of ſo great a 
Number of Jets, or Pillars of Water, all in a Row on each Side, 
ſpouting up between Statues, make no inelegant Figure, though I 


humbly conceive it is not the fineſt Figure among the Water-W orks 
of Ver ſailles. 


PLATE XLIV. Is a Perſpective View of the three Fountains 
in the Gardens of Yer ſales, and which makes one of the fineſt 
Sights there, as well for the Diſpoſition of the Water, as the ſi- 
tuation of the Place itſelf. 

THr1s Place is near where there was formerly an Alley of Wa- 
ter arbor'd, or bower'd over, which the French call by the general 
Name of Burcean, and we in England, Cover'd Walks; but is now 
laid open in a very elegant Manner; and as the Jets ſpout up both 
in the Middle and in each Side, (as a Deſign of my own, which 
I ſhall by and by produce, ) it can't but afford a fine View. 


PLATE XLV. The forty fifth Plate is a Moraſs of Water in 
the Gardens of Yer/ai/les, ſituated at the End af a Hlower-Garden, 
croſſing the Alley of Ceres in a little Wood; and is twelve Toiſes, 

or 
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or ſeventy-two Foot long, and eight Toiſes, or forty-eight Foot 
wide. It is a Square ot Water buunded with artificial Reeds, 
painted green, which all caſt out Water. At the four Corners are 
four Swans, which caſt out Water from their Bills. In the Middle 
is an Oak Tree, which caſts out great Quantities of Water from its 
Branches; and on each Side of the Walk, which ſurrounds this Mo- 
raſs of Water, there is a Cavity, or Buffet, on which are placed 
gilt Veſſels, and on each Side of them Spouts of Water, which 
in its Fall cauſes them to Glitter like Silver. 

A DESIGN of this Kind I can't but recommend to the Curious, in 
As much as there is more of Nature in it, than in any of the French 
Deligns, eſpecially in the Middle of it. 

For this Kind of Moraſs, or Fountain, ſet about with Water- 
Weeds, ſuch as Water-Dock, Plantane, Sc. being properly diſ- 
poſed in a low wet Place, and in hot Weather, anſwers all the 
Purpoſes that a Curious Beholder, (and one who makes Nature his 
Pattern,) can deſire. How well thole Kinds of Weeds and Flowers 
look when placed in the Middle of Water, any one may judge who 
ever ſaw that ſmall Fountain which is in the Middle of a little 
Piece of Woodwork in Trnity-College Garden, Oxford; which, 
I think, deſerves Imitation by all who make ſuch like Baſins and 
Contrivances for Water. 


PLATE XLVI. The forty ſixth Plate is a Perſpective View 
of the Bain d' Amour, or Baſon of Love, more generally cal- 
led the Iſle Royal, which is in the Form of a Canal, in the 
Middle of which is an Iſland ſurrounded with eighty Water 
Spouts, which playing on all Sides hinders one from approach- 
ing it without being wet. It 1s placed on the Lett Hand 
above the Labyrinth 130 Toiſes long, and 30 wide, and one Fa- 
thom deep, without reckoning thoſe Pieces which were laſt made 
at the farther Ends. But fer a more particular Defcription of this 
I refer my Reader to the Introduction to theſe Volumes, Page 8. 
theſe being the very beſt Pieces of Water amongſt the French. I. 
proceed to thoſe of 1zaly. 


PLATE XLVII. Is a fine Fountain in the Z/fen/ian Gardens 
at Tivoli in Italy, and is called the Zagle-Fountain, on Account 
of the carved Figures of thoſe Birds, which ſpout Water out of 
their Mouths. The fine Ruſtick Mole of Stone, with the Water 
daſhing or falling down on each Side, makes it very delightful no: 
only in the Print, but Travellers, who have ſeen it, ſay, vue "> 

ac 
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Fact alſo, it is one of the beſt Pieces in the Gardens there. It is 
ſituate in the Middle of a Parterre of Flowers, and the Water plays 
at leaſt forty Foot high. 


PLATE XLVIII. Is a Fountain under a capital Arch in the 
Palace of Segnior Maſſiui, the Architecture of the Chevalier 
Carlo Fontana, where the Water ſrouts through the Head of a 
large Triton, who is accompanied by Dolphins on each Side. 

Tris Kind of Diſpoſition muſt be very ſurpriſing, inaſmuch 
as it is placed in fo remarkable a Place as this Arch is; and I 
muſt own it is very much to be wonder'd at, that fo auguſt 
a Deſign as this is, has not met with more Imitators. 


PraTE XLIX. Is a Proſpect of the Theatre and Caſcade 
of Water, which is in the Villa Ludoviſa, in the Freſtati Gar- 
dens; and which, for the Precipitancy of its Fall, and the noble 
Elegance of its Architecture, ſeems to be ſecond. to none of the 
Italian Deſigns, whether we account the Finenefſs of the Bullion 
or Spout of Water, which plays up in*the Middle of the Rock-Work, 
over which the Water rolls: A noble Elegance of Taſte, in which 
the Italiaus abound much more than the French. 


PuatrE L. Is a large Ruſtick Fountain in the Garden of 
Prince Borgheſe, without the Porta Pinciana, in the Front of the | 
Gate, at the End of the Walk of Elms, and is called the Foun— | 
tain of the Maſque, the Architecture of Giacomo Antonio Ven ſanti. On | 
this Fountain, which has an Arch under the great Maſque, (through 
which the Rows of Elms may be view'd,) is ſeen lying one of 
the Sea Gods, pouring out of Water through an Urn, encompaſ- 
ſed about with large Moles of rude unpoliih'd Stone, through 
and over which the Water riſes and falls in a very ſurpriſing Man- 
ner. This, as well as many other Pieces of their Water, is a 
tiue Specimen of the Italian Taſte, which is not made up of Gew- 
gaws and Trifles, as ſome in other Countries are. 


. I; ae w 


PLATE LI. Is another Ruſtick Fountain in the Theatre of 
the Villa Aldobraudina, in the Belvidere Gardens at Freſcati, which 
has Water-Works in the Stairs. 

I SHALL not take upon me to make any Enlargement on this 

Deſign, although irs Situation, which is amongſt very large Trees, 
leems to make it look very rural. 


— —— — — —— — — — 
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PLATE LIL. Is a Fountain in the Walk in the firſt Wall, which 
leads up to the FVranciſcan Cloyſter, the Architecture of Giacomo 
della Porta, and is by ſome ſaid to be the fineſt Sight of all the 
Water-Works of the Hyeſcati, though I muſt own that there is no- 
thing in the View of it in the Print, that ſeems to promiſe ſo great 
a Character, the molt that one can colleQ from it being chiefly an 
Idea of ſome fine Grotto. | 

IT is, as appears by the Inſcription, not of a very antique Erection, 
no other than of Clement VIII. Arno Domini 1603. At each End, 
where the Riches are, there appears to be two Bathing Rooms, 
and the whole Piece being of the Ionic Order, is in all Likelihood 
no inelegant Entertainment to the curious Traveller. 


PLATE LIII. Is the Fountain of the Gallery in the Gardens of 
Belvidere, in the Palace of the Vatican, belonging to the Great 
Pontiff at Rome, the Architecture of Carlo Maderuo. As for the 
farther Deſcription or Account of it, with the Judgment which is 
proper to be paſs'd on a Deſign of this Nature, I muſt leave it to 
the Deciſion of thoſe who have ſeen, and conſequently underſtand 
it better than I do. 


Pratt LIV. Is, I humbly conceive, compos'd of as fine a 
View to a Grove of Cypreſles, as is to be ſeen in any of the Gar- 
dens of Italy But what makes it the moſt remarkable, is, the two 
large Moles of Stone, on the Right and Lett of the middle Walk, 
through the Middle of which, a large Stream of Water ſpouts up 
into the Air, and falls back again over the rude Stones 1n various 
Forms. This Imitation of Nature, ſo peculiar to the Genius of 
Italy, is ſo very remarkable, that I can't but with great Humility 
offer it as a Specimen to the Curious in Great Britain. 


Tuis Fountain is ſituate in the Gardens of the Family 4” Z/te at 
Tivoli. | 


PLATE LV. Is a Fountain, or rather Caſcade, or Theatre of 
Water, which is on the Top of the Hill near the Franciſcan Nun- 
nery, in the Villa Aldobrandini, or Beluidere Gardens of Fre/cati, 
WH convey*d to that Place by a Current of Water ſix Miles in 
Length. 

Tra Piece of Water, the Fall of which is at leaſt 8 or 10 Foot 
high, together with two other Arches and Maſques, appears to be 
amongſt the Number of the fineſt Water-Works of the Fre 
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and from which a noble Lord in Hampſhire ¶ mean my Lord Ly- 
mington) ſeems to take the Model of one he has at Down-Hus- 
band, near Whitchurch, in that County. 

Tur Variety, as well as Rurality of Trees, which appears in 
tlie Print, to be on each Side of the Caſcade, muſt needs make a 
great Addition to the Nobleneſs of this Deſign, in which the Ar- 
chitect has followed one of the beſt Copies of Nature ima- 
g1nable. 


PLATE LVI. Is a Fountain which on one Side appears to be 
upon the Flat in the Belvidere Gardens at Freſcati, which coming 
cut of the Side of the Hill, and ſet in rural Works, and Rocks of 
Stone, mult have all the good Effects that an Italian Genius can 
produce. | 

THe Branches of Water under the great Arch which is in the 
Middle, and which falls very precipitately down, together with the 
Tritons and great Maſques of Water which are on each Side, through 
which the Water runs with great Violence, ſeems much to excel all 
the Finery and Gaiety of the French Deſigns, and the Borders of 
the Fountain being all of Ruſtick Work, appears to be no inconli- 
derable Addition to the Rurality of this Deſign. 


PiaTE LVII. Which is call'd the Fountain of the Dove in the 
Pamphilian Palace at Rome, may (I humbly believe) be well plac'd 
amongſt the beſt Pieces of Art (as being the molt agrecable to Na- 
ture) of any that are found amongſt the Roman Works. 

THE Structure of the whole Fountain appears to be of rough 
unpoliſh'd Stones, chain'd or cramp'd together with Iron, in a rude, 
ruſtick Manner; yet fo as that ſome Footſteps of Architecture are 
plainly diſcoverable : Of that Number is the Impoſt at the ſpringing 
of the Arches, and the geometrical Turn of the Arches. 

I TaxE it to be a great Pity that there are no more Books extant, 
and that ſo many Noblemen and Gentlemen that travel into thoſe 
Parts have brought no better Account as to the Extent and Propor- 
tion of theſe Structures; however, this Effect I hope theſe Endea- 
vours of mine ill have, that upon a View of theſe cheap and uſe- 
ful Beauties, Rural Architecture will get Footing in theſe Kingdoms, 
as well as other Countries leſs able to perform them than we are. 


PrATFELVIII. Is the Fountain of the Hi, commonly call'd the 
Great Fountain, where the Statues of the Sybz/s are in the Niches, 
on the Side of the Walk of the little Fountains, in the Gardens oy 
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the 4 Eſte Family at Tivoli, which in Reſpect to the Beauty and 
Juſtneſs of the Architecture, as well as the fine Sheet of Water it 
makes throu;zh a Grove ot large Trees, may be jultly plac'd amongſt 
the molt curious Pieces of Art in the Italian Gardens. 

ANb here indeed is again viſible, how great a Pity it is, that we 
have not che exact Dimenſions of this and other Fountain-Works de- 
lineated and brought over for our Imitation: Buildings of this 
Kind in Stone, would be indeed ſome, (though not a very great) Ex- 
pence, but as we have Plenty of Hedge-Yews ready grown, it would 
be very eaſy to imitate ſuch a Deſign as this is, in a fe Years. 


PI ATF LIX. One of the laſt Plates I ſhall produce, and which 
will in a very handſome manner compleat this Collection, is a View 
of the Caſcade under the Organ, in the Plan of the Gardens of 
A'Eſfte at Tivoli, in which may be ſeen all that can poſſibly be de- 
ſir'd as beautiful, either in Art or Nature. 

I SHALL at preſent paſs by the Account that might be given as to 
the Pleaſure of having Organs play'd by Water falling down from 
{0 great a Height, that being already hinted at 1n the third Book of 
this Treatiſe, which relates to Hydraulicks. But whoever views 
how judicioully and agreeably Art and Nature are here mixt toge- 
ther, and, above all, how much of the latter is here predominant, 
mult confefs that this is the moſt ſurprizing of any of the Vater- 
Works of Italy yet produc'd. 

THr1s Caſcade, or Fall of Water, which can't be leſs than 50 Foot 
perpendicular, breaking out as 1t does trom ſeveral Parts of the Rock, 
and daſh'd to Pieces in its Cadence, may well be a Surprize to all 
ho earneſtly behold it. It is in this that the Water- Works of Italy 
ſo much exceed thoſe of France, even as much as the rude, but mai- 
terly Strokes of Nature, exceed the moſt delicate ones of Art. 


Pi ATE LX. Ar TEK I have produc'd ſo many noble Drafts and 
Deſcriptions of Water-Works, it may ſeem a very great 
preſumption in me to offer one of my own Invention, which muſt 
by that great Number of good Deſigns Which go before, be much 
eclipſed; and all that Ican fay in Extenuation of the Plate I offer in 
the laſt place, is, that it is ſomething like the Water- Works of Italy, 
and that if there is any thing which is valuable in it, it is in a great 
Meaſure owing to the Idea's I have form'd from thoſe Works. 

ONE ot theſe Kind of Caſcades I have ſometime fince made at py 
Park near Saud)-Lane Wil's, on the Left Hand of the Road going 
ro the Bath, whick though done with very poor materials, yet ad- 
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mits of ſuch a Varicty, as ſome good Judges who have been Abroad 
ſeem to like, and think equal, at leaſt, to any in the French Gar- 
dens; the Falls of the Water being over Steps and rough Work of 
different Kinds and different Heights, of about 30 or 40 Foot Fall. 

THE Deſign here produc'd, was made (though not finiſh'd) tor a 
young Nobleman of Hampſbire, ſome little Time ago deceaſed, where 
the Water indeed is not ſo plenty as it is in the Deſign mention'd in 
the laſt Paragraph; but the Fall of it is ſhorter, and more precipitate, 
the Dependance from the Top of theReſervoir to the Bottom being near 
50 Foot, and the Turnings and Windings of the Water,with the different 
Forms of the Cataracts over which it was to fall, would have pro- 
duc'd (had it been finiſh'd) all the Variety that ſuch a Place would 
allow. Nor is this Kind of Work expenſive, the Workmanſhip of 
the whole rough Stone-Work not coming to above 1co /. 

Ar the upper End, above the Baſon,is the Deſignot a Cave, or Grotto 
at the Foot of the Hill, where Neptune is plac?d upon his ouſy Bed, or 
Couch, and delivering Water to the Falls below, and what «ould 
have been very well, was, that at the Bottom of the ſaid Caſcade at- 
ter the Water had ſhew'd itſelf in this ſportive manner, it was del'gn'd 
to ſupply all the Gardens and Houſe which lie below; and this Supply 


ot Water was to have been from a large Reſervoir on one Side of the 
Hill, collected from Engines, Rains, Sc. 


The End of the Fourth Book. 
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kings in Water-W orks, 3 The Inſtruments proper for taking its 
Siphon, its Antiquity, Excellence, and Fall, 84, & ſeq.— How to adjuſt that 
Uſes, 294.— The Aſcent of Water thro' Fall, 102.—The Dependance neceſſary 
it explain'd, without the help of a Fa- for it, 103.— Tables of the Height to 


cuum, 296 which it will rife, 106.—Of Friction, 
Solidity, Extenſion, c. defin'd, 177, &ſeq. and the Diminution and Decreaſe of 
Springs, the different Hypotheſis's of the Water in long Lengths, 108 


Learned concerning their Original, ſta- Water- Mor of Alcinous, 2.—of Semi- 
ted, 15 (viz.) that of Ariſtotle, ibid. ramis, 3.—of Solomon, ibid.—of the 
of Aquinos, ibid.—of Scaliger, ibid. Freſcati and other Parts of 1raly, 409.— 
ot Faber, ibid.,—of Bartholinus, ibid.— of France, 408.—of London-Bridge, 320. 
of Hook, ibid. -of Mariotte, 16, & ſeq. of Blenheim, 321. —of Chelſea, 
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CAP. XXXV. PRop. I. 
That Air may be compreſi d, but not Water. 


* LL, or moſt of theſe Propo- 
tions, (with many others to 
AA the ſame Purpoſe, ) have already 
deen demonſtrated and explain- 

ed by Mallis, Boyle, and others, 
when we have been treating of the Gra- 
vity, Elaſticity, and Impulſe of the Air 
and other Fluids: But their Truth is laid 
down by the famous De Caus, (with that 
Plainneſs, Freedom, and Facility,) in his 
ſhort, but excellent Book of the Theory of 
the Conduct of Water, in the firſt ſeven 
Pages of it, that I can't but produce it as 
a brief Capitulation or Compendium of 
what all the other Authors on this Subject 


have in their more voluminous Works laid 
down. 


To begin: Let there be two Veſſels, 
A and B, of one Form, Matter, and Big- 
neſs, Vid. Fig. 7. No 1. Plate 32. the 
which let be full of Water; it is moſt cer- 
tain, that in either of thoſe Veſlels the 
Water cannot be preſt, ſo as the one of 
thoſe Veſſels may contain the leaſt Part 
that may be more than the other: But 
when they are only full of Air, I ſay that 
the ſaid Air may be preſt, and one of thoſe 
Veſlels may contain more than the other ; 
which ſhall be thus demonſtrated : Let the 


ſaid Veſſels A and B be made very cloſe. 
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on all Parts, and at the Bottom of the 
Veſſel B, let there be a, ſmall Hole E, to 
Which the Pipe ED is faſtened, the other 
End thereof, D, is faſtened to the upper 
Part of the Veſſel C, the which is alſo 
made very cloſe on every Side, and con- 
taining about a third Part of the Veſlel B; 
and to make the Water enter therein with 
Force, it will be neceſlary to faſten the 
Pipe F near to the Bottom of the Veſſel C, 


. the which muſt be madeas high as may be, 


that it may give ſo much the more Vio- 
lence to the Water, which entering the 
ſmall Veſſel C, will make the Air that is 
therein, to aſcend into the Veſſel B, which 
will contain more Air than A, by the 
Quantity which was in C; and ſo the Air 
will be preſt in the ſaid Veſſel B; which 
may be ſeen, if you make a ſmall Hole in 
the ſaid Veſſel, by which the Air will 
come forth with Violence. But if you 
pierce the Veſſel A, there will not be the 
ſame Effect; becauſe in it the Air is not 
preſt. Bur it is here to be obſerved, that 
although the Air may be preſt, it is but 
only to a certain Degree, which is about 
a third Part: And for Proof thereof, it 
the Veſſel C were as great as B, it were 
impoſſible that the ſaid Veſſel ſhould be 
filled with Water, but that the Air will 


often break forth, and that becauſe B is 


not capable to contain ſo much Air: 
Therefore let it be held that the Air may 
be preſt in a cloſe Veſſel to a certain 
Degree. There is another Way to force 
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the Water with Violence into the ſmall 
Veſſel, by Means of a Syringe, as in 
Fig. 7. No2. 


Prop. II. That Water cannot enter into 
a Veljel, but there muſt come forth as much 
Air, except the Water be ſent in by Force. 
To demonſtrate this, let there be a Vel- 
ſel, as A, Vid. Fig. 8, No 1. Plate 32. 
and let the Pipe X be faſtened in the 
Cover thereof, ſo that it may near touch 
the Bottom of the ſaid Veſlel; and let 
the ſmall Veſſel D be faſtened to that 
End of the Pipe which is without the 
Veſſel: Then if you pour Water into 
the ſaid Veſſel A, until it comes to be 
of the Height V, which is the End of 
the Pipe, and then the Air being ſhut in 
the Veſlel A, hinders the Water which 
is in D, from entering into the Veſſel 
A. But it is to-be noted in this Rule, 
that if the Water be forced into the Veſ- 
fel A with Violence, it may be filled to 
a third Part, or thereabouts; and the ſaid 
Violence is cauſed, if the Pipe X be 
made very long, or if you force the Wa- 
ter in with a Syringe, as hath been ſaid, 
and as may be ſeen in Fg. 2. Noa. 


Corol. Prop. III. Ie follows, by the con- 
trary Reaſon, that if a Veſſel be full of 
Water, it cannot be emptied ſo that the 
Air 2 not enter therein. As let the 
Veſſel or Vial D, Fig. 9. Plate 32. be 
propoſed, which let be full of Water, 
and let it be reverſed, ſo as the Mouth 
or Neck may touch the Water, which 


ſhall be ſet under it in a Veſlel; it is 


certain, that although the Mouth of the 
taid Vial be downwards, no Water will 
run out, becauſe the Air cannot enter to 


ſupply the Place of the Water that ſhould 
run out. 


Prop. IV. There can be no total Vacaity. 
This is that which hath been ſaid before, 
the Proof whereof, may begathered from 
the foregoing Corollary, and divers other 
Examples, whereof here is one: If you 
have, Cid. Fig. 10. Plate 32. a Copper Pipe 
B, whereof the End C is in the Water, 
and let the other End D be open, to the 
End that the Peſtle A may be put there- 
in, Which will be like to thoſe which 
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are uſed for Pumps and Forcers of Wa- 
ter; and that the ſaid End A, be well en- 
vironed with Leather, to the End, that 
putting Water in E, it may not run 
through to B; then if A be raiſed tothe 
Point B, the Water X, which is levet 
with the Point C, will aſcend to B, to 
ſupply ſo much Place as is between A 
and F; fo the Water aſcends higher than 
the Level, that there ſhould be no void 
Place left in B. 


Prop. V. If the Air be preſt in a Veſ- 
ſel wherein there is Water, and that you 
give it Paſſage by ſome Pipe, the ſaid 
Water will come forth with Violence. If 
the Air be preſt in the Veſſel X, Vid. 
Fig. 11. Nor. & 2. Plate 32. (let it be by 
Means of a Syringe, or by a Pipe, as 
hath been ſaid betore,) it is certain that 
then, when the Water hath paſlage, it 
comes with a great deal more Fm 


than if it came forth from an open Vel- 
ſel, as B. | 


Prop. VI. If the Water deſcends with 
Violence into two equal Veſſels, there will 
enter more Water into that Veſſel where 
the Water deſcends from the higheſt Place, 
and the Air will be mere preſt therein; and 
there ſhall be the ſame Rate or Proportion 
between the Quantity of Water contained 
in thoſe Veſſels, as there is between the 
Heights from whence the Water hath de- 
ſcended. Let there be two Veſſels, B 
and C, Vid. Hg. 12. No 1. & 2. Plate 32. 
to which the Water deſcends with Vio— 
lence by the Pipes M and N, the longeſt 
of which is N, from whence it follows 
that there enters more Water in the Veſ- 
ſel C, than in B; and there is the ſame 
Rate of the Water D to the Water O 
as there is of the Length of the pipe N 
to the Length of the Pipe M. And it 
alſo follows from hence, that in the Veſ- 
ſel C, where there is more Water, the 
Air will be more preſt than in B; and 
the Effects thereof may be ſeen by the 
ſmall Pipes P and X, of the which two, 
P caſts the Water higheſt ; becauſe the 
Air is more preſt in the Veſſel C, than in 
the Veſſel B. In the ſame Manner as be- 
fore, we may proportion the Air of the 
two Veſſels to the Heights of the Water 


ſpringing 
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ſpringing forth by the ſmall Pipes P and 
X, the which ought to be equal. 


Prop. VII. All heavy Things whatſoever, 
weigh more in the Air than m the Water. 
Although every heavy Body hath always 
in it ſelf its proper Weight, yet never- 
theleſs they are alſo contidered diverſly, 
according to the Place where they are 
placed; as it is certain that Wood weighs 
nothing in the Water, becauſe it doth not 
deſcend towards the Center of the Earth, 
which is proper to all heavy Things; 
but if it be in the Air, it falls towards 
its Center with Weight; wherefore we 
may ſay that it weighs more in the Air 
than in the Water: And ſo we may ſay 
of all Bodies, although they are heavier 
than the Water; for although they fall to- 
wards their Center of Gravity in the Wa- 
ter, yet it is not With ſuch Swiftneſs. It 
is not neceſſary to ſhew here by what 
Quantity the ſaid Heavineſs is more weigh- 
ty in the Air, than in the Water; ſending 
the Curious to the Books of Archimedes 
concerning Things falling in the Water; 
where it is demonſtrated, that heavy 
Things weigh more in the Air than in the 
Water, by the Quantity of Water which 
is equal to them. 


Corol. It is here t2 be obſerved, that 
Waters are of divers Weights; andthey ſay, 
that on the Territories of Cara in Spain, 
there be two Fuuntains, in the one of which, 
divers Things being put, ſinkto the Bottom, 
which being put in the other, float at Top. 
T hey report the ſame Thing of the Lake of 
Sodom, and of the Fountain of Arethuſa. 
The which Effet comes to paſs, by reaſon 
of the Height of the Water : And from heace 
we may infer, that one and the ſame Thing 
weighs more in lighter Water, than in hea- 
vier Water. 


Prop. VIII. Water weighs upon that 
which ſuſtaineth it, according to its Height. 
I have given this Example, becauſe divers 
have deceived themſelves upon this Sub- 
ject, who have thought to raiſe Water, not 
conſidering the Weight, when it comes to 
be raiſed very high. That which is then 
to be underſtood by this Propoſition, is, 
that the Sucker, Vid. Fig.13. No 1. Plate 32. 


being at the End of the Pipe M, to ſuſtain 
the Water which is within the ſaid Pipe, 
that the Water weighs upon it according 
as the Height thereof thall be in the Pipe. 
As let us tuppoſe that the Water be in the 
Pipe as high as D, and that it weighs 20 
Pounds, it we fill the ſaid Pipe to E, 
which is as much again, it will weigh 
40 Pounds; and if we double it again, 
it will weigh 80 Pounds: And accor- 
ding to the greater or leſſer Height of 
the Water within the Pipe M, the Sucker 
C will be harder or cafier to lift up, which 
js that which ought to be conſider d, when 
the Water is to be raiſed very high, to the 
Intent to proportion the Thicknefs of the 
Pipes to their Height, ſo as the Water that 
is in them may not be too heavy fot the 
moving Force. It is alſo to be obſerv'd, 
that in Ciſterns the Force of the Water 
ought not to be taken from the Bottoms 
where the Pipe is ſoldered, but from the 
Superficies of the Water which is in them, 
as may be ſeen in the Ciſterns A and B, 
No 2. & 3. wherein the Water that is in 
Bhath more Force, becauſe it is higher than 
A, although the Pipes are of equal Thick- 
neſſes and Lengths. But of this much has 
been ſaid already. 


Prop. IX. The Water naturally aſcendy 
near to the Level of the Place from whence 
it did deſcend. This Propoſition is very 
intelligible, and is as much as to ſay, that 
if there be a Spring, as B, the Water 
whereof enters into the Receiver C, and 
if there be a Pipe, as D, deſcending right 
down, or obliquely, the Water will aſ- 
cend therein to E, which is the Level or 
Height above the Veſſel C: And if the ſaid 
Veſlel be not full but to the Point F, the 
Water will not aſcend through the Pipe 
D, but to the Point G, the Level of the 
ſaid Point E; and although the Pipe co- 
ming from the Veſſel C, be not drawn ſo 
high, if the End of the Pipe through which 
the Water paſleth be ſinall and the Pipe 
great, it ſhall aſcend to its Level; but ac- 
cording as the Ends of the Pipes through 
which the ſaid Water paſſeth are greater, 10 
the Water is deficient in its Height. This 
may be ſeen in the Figure, by the ſmall 


T his 
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This Propoſition has been already de- 
monſtrated by Marriotte, Vid. Fig. 6. No 3. 
of this 324d Plate, but this Demonſtration 
of De Caus's being ſo very plain and ea- 
ſy, I thought I could not do bettet than to 
inlert it in its proper Courſe: 


Prop. X. Of the Syphon or Crooked Pipe 
by which the Water is drawn forth. T his 
Pipe is in Uſe in divers Places, and hath 
been treated of by Hero of Alexandria. 
But it muſt not be here omitted, becauſe 
it falleth ſeveral Times in Uſe for our Sub- 
ject, and alſo to ynderſtand the Reaſon 
thereof. This Pipe, then, is called by ſe- 
veral, a Syphon, and hath that End which 
is without the Veſlel, longer than the o- 
ther; and if the Air be drawn forth which 
is within the ſaid Pipe, when it begins to 
run it will not ceaſe till it has emptied the 
Veſſel as high as the other End; and that 
which in Effect may ſeem ſtrange, of the 
ſaid Syphon, is, that the Water riſeth 
higher than the Top of the Veſlel by the 
ſaid Pipe, the Reaſon whereof may be 
given thus: Let the Veſſel be B, Vid. Fig, 
Is. Plate 32. and the Syphon C VX, and 
let the Top thereof be V, and the End 
V X longer than V C; then when the Air 
Which is in it is drawn forth by the End 
M, the Water of the Veſſel B enters 
therein to fill the Place. Now it bein 
full, the Water contained from V to X 
being more heavy than that fromV toC, 
makes it run towards M ; and as that Wa- 
ter cannot run out of the Pipe, unleſs there 
enter ſomething therein to fill the Place, 
and the Air cannor enter the Water by any 
Place of the Veſſel B, the Water will at- 
cend till it comes to empty it ſelf to the 
Height of C, and then the Air entering 
thera, the Courſe of the Water will 
ceaſe, 


Prop. XI. Of another Kind of Syphon, 
end how the Air may be drawn forth by the 
Means of another 22 There may be 
made divers Kinds of Syphons ; but be- 
hold here one which ſeems to be moſt 
different, which nevertheleſs depends up- 
on the ſame Reaſon with the former. Let 
the Veſſel be B, Vid. Fig. 16. No 1. Plate 
32. and let the Pipe D C be ſoldered to 


the Bottom paſſing through it: Then let 
one End of the Pipe AX Z be put about 
it, ſo as the End * may be cloſed and 
ſoldered ſo as the Water may not enter 
but by AZ, but AZ mult not touch the 
Bottom: Therefore the Pipe AX Z mult 
be faſtened to the Pipe D by two ſmall 
Tennons, M and N, and it muſt be ob- 
ſerved, that the ſaid Pipe AXZ ought 
to be made of ſuch a Thickneſs that the 
Water contained between it and the Pipe 
D, may be equal to the Water which is 
in D; which being done, the Water may 
be drawn forth by D, and perform the 
ſame Effect as the former. But it either 
the one or the other of thoſe Syphons 
contains ſo much Air that it cannot be 
drawn forth by Aſpitation, there muſt be 
made a Veſſel, as P, very cloſe, and ſol- 
dered on all Parts, and it ſhould have one 
End FE to join with D, which Veſſel, nll 
with Water, and join F and D together, 
without taking Air ; then if you turn the 
Cock R, Vid. Fig. 16. No 3. the Water that 
runs forth from the. Veſſel P, will draw 
the Air of the Syphon, and make it run. 


Prop. XII. The Water runs equally by 
the Means of a Syphon, if the End by which 
the Water of the ſaid Syphon aſcends, doth 
only touch the Enperfictes of the Water of the 
Lelſel. Becauſe that in the foregoing 
Pipes the Water runs not equally, being 
ſlower at the Eud than at the Beginning, 
it ſhall be ſhewn, in this Example, how 
it may run equally, that is, if to the End 
A of the Pipe A C, Vid. Fg. 12, No 1. 
Plate 32. a ſmall Veſlel of any Matter 
be put, let it be what it will, ſothatit may 
float upon the Water, and the End A of 
the Pipe A C be put through the ſame, ſo 
as the End may touch the Superficies of 
the Water, it is certain, that the End C 
will run equally ; which is not ſo in other 
Syphons, which run always ſwifter at the 
Beginning than at the End. 


It will not in this Place, I humbly ſup- 
poſe, be improper to take Notice of an 
Enquiry that I have often heard made by 
ſome ingenious Gentlemen, Which is, 
Why Water will not always rile and 
run by the Gravitation of the Atmoſphere, 
ſo as that it may be tranſported from 
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one Valley to another, as ſome Books 
of Engineering, and the general Notion 
of the Atmoſphere gravitating on every 
Thing below it, would make one believe. 


In Anſwer to this, and to explain what 
I am about to deliver on this Head, it 
muſt be obſerv'd, that Air is of ſo infi- 
nuating a Quality, that it will find its 
Way into, and deſtroy the Action or Gra- 
vitation of the Atmoſphere, by an Equi- 
librium, that for want of a repeated Suc- 
tion in the aſcending Pipe or Pipes, it 
would otherwile indeed be in a conti- 
nued Motion, and would with great Eaſe 
and Certainty convey the ater from 
one Valley to another. 


To come to Example, (Vid. Fig. 18. 
Plate 32.) let A be the Valley from which 
the Water is to be tranſported through 
the higheft Part of the Syphon B, andto 
run out at D into the oppoſite Valley. 
If (ſay theſe ingenious Enquirers) it ſhould 
be true that the Atmoſphere will raiſe 
Water 33 or 34 Feet, the Height of the 
Hill E, by B, into the Valley D, or low- 
erl, why it once exhauſted of the im- 
peding Air, and ſet to work, will not this 
Syphon perform this Operation, this Tranſ- 
portation of the Water in an uninterrup- 
ted Manner? To this ſay thoſe that are 
experienc'd, that all or moſt Syphons, 
Springs, and Pumps, run always ſwifter 
at the Beginning, than at the End; for 
Air being elaſtick, and fo confin'd to no 
Regularity, will be always inſinuating it 
ſelf at D, and taking its Courſe through 
the Pipe by B, and more Air inſinuating it 
{elf through the Mole or Maſs of Earth, 
and crowded into all the Pores and Inter- 
ſtices it can meet with, impedes and de- 
ſtroys the Aſcent of the Water, till by the 
Repetition of the Strokes by a Man or o- 
ther Movement, plac'd ſomewhere about 
C, there is a new Suction of the intruding 
Air perform'd in the Pipe AC, which lo- 
fing its Force by that interior Exſuction, 
the exterior Air gravitating, as has been be- 
fore deſcrib'd, on the Surfaces and Bowels of 


he Hill at or about A, riſes the Water over 
at B, as is before deſerib'd. 


We ſee even in ſmall Syphons, as 
Cranes, with which Wine is decantcd, 


that the Inſinuation of the Air is ſuch, 
that Wine will not always keep on its re- 

gular Aſcent,” without the Butler puts his 
Mouth ſometimes to it, to give it a new 

Suction; much eſs can it be expected that 

a Syphon or Crane 33 or 34 Foot high, 
and which is liable to be ſtopt by the lealt 

Interpoſition of the Air, ſhould continue 

its Action without a continual Exſuction 
and Attendance, And this we know holds 

good in Pumps, Syringes, Sc. which 

otherwiſe would be uſeleſs Engines; but 

if good, arecall'd, Atmoſphere Pumps. 


CuAp. XXXVI. 2 the Works of 
the celebrated La Bion, I find a Gange, 
&c. This Gauge is deſcrib'd Fig. 22. 
Plate 32. and, as Monſieur Marriotte has 
it, p. 190. of the Exgliſi Edition, may be 
eaſily calculated the Number of Inches. 
which the River Seine gives: For ſince 
there paſſes under the Red Bridge in one 
Minute 200,000 Cubic Feet of Water, if 
we multiply 35, Which is the Number of 

Pints which a Cube of one Foot contains, 
by 200,800, we ſhall have 7,000,000 Pints; 

which being divided by 14, .give 500,000, . 
which is the Number of Inches whichthe 


River Seine gives, when. it is at a mode- 
rate Height. 


If we have a Mind to calculate what 
Quantity of Water goes through large 
Paſſages, as through a ſquare Fathom, it 
is neceſſary to conſider the Height of the 
Surface of the Water, above the Middle 
of the upper Part of this ſquare Hole, 
through which the Witer is ſuppoſed to 
run. Let it be, for Example, 5 Feet, there 
will be then 8 Feet from the Top of the 
Water to the Middle of the ſquare Fa- 
thom. The Product of 8 by 13 is 104, 
whoſe Square Root is very near 10 and +, 
as 13 is to 105, ſo is 14 to 11 nearly: And, 
becauſe a round Inch is 16 Times greater 
than a round Hole of 3 Lines, an Inch 
with 8 Foot of Water above it, will give 
16 Times 11 Pints, or 176 Piuts; which 
being divided by 14, give 12.Inches 5 for, 
an Inch Diameter of the Hole. Around 
Hole of one Foot Diameter, gives an 144. 
Times more; the Product of 125 by 144, 
is 1810; the round or cylindric Foot then 
will give 18 10 Inches. The round Toiſe 


contains 
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contains 36 Times a Cylinder of 1 Foot: 

The Product of 36 by 1810, is 65160; as 
11 is to 14, ſo is 65160 to 82930. Then 
a Paſſage of a ſquare Fathom having 5 
Feet of Water above it, will give 82930 
Inches. 


From thence we ſhall- find, that if the 
River Seine were ſtopt, when it is ſwell'd 
a little above its uſual Greatneſs, and was 
rais'd 8 Feet above a ſquare Hole, 10 Foot 
high, and 18 Foot wide, it would go all 
out through ſuch a Hole: For there would 
be a Diſtance of 13 Feet from the Surface 
of the Water which was ſtopt, to the 
Center of the Circle, which would have 
10 Feet Diameter; and it would give 
through an Hole of 3 Lines Diameter, an 
Inch of Water: Through one of an Inch 
Diameter, it would give 16 Inches; thro? 
zone of a Foot, 144 Limes 16 Inches, 
which makes 23%4 Inches: And multi- 
plying this Number by 100, the Square of 
10 Feet, which is the Breadth of the 
Hole, we ſhould have 230400 and accor- 
ding to the Proportion of the Circle to the 
circumſcrib'd Square, which is of 11 to 
14, we ſhould find very near 293236 
ſquare Inches; and adding to it 8 Feet in 
Length, we ſhould have more than 500000 
Inches; which is what the River Seiae 
gives at a moderate Height, as has been 
laid before; and conſequently it would all 
go out througha ſquare Hole, which ſhould 
have 18 Fect in Length, and 10 Feet in 
Height. 


If Water runs through an Aqueduct, or 
through the Channel of a River, in agen- 
tle uniform Declivity, it will acquire in a 
moderate Space a Vclocity, which will in- 
creaſe no more: For the Friction of the 
Banks, and the Bottom of the Channel, 
and the Parts of the Water being turn'd 
Over one another, and the Reſiſtance of the 
Air to the little Waves which are in the 
Surface, cauſe it to loſe a Part of its Ve- 
locity; and conſequeisly it cannot acce- 
Icrate its Motion, but to a certain Velo- 
city Which it acquires in a little Time. 
From whence it follows, that if a River 
Has run through a pretty long Space in a 
certain Inclination, and that it runs after- 
wards iu a leſs ſteep Inclination, that is to 


ſay, along a Plane leſs inclin'd, it will di- 
miniſh its Velocity: For ſince it will have 
acquir'd in the firſt Inclination all the Ve- 
locity Which it can have by it, and could 
not have been able to acquire by a leſs; 
it follows, that its Velocity will leſſen by 
Degrees in that Inclination which is leſs, 
till it be reduc'd to that Velocity only, 


which it can acquireby this gentler Decli- 
vity. 


Thus far Marriotte. And from theſe 
Rules it is, that an ingenious anonymous 
Author of our own Country, in his Ac- 
count of Meteorology, calculates the 


r of Water which runs through 
ingſton Bridge. 


But that the meaſuring of Jets or Caden- 
ces of Water may be brought and apply'd 
to Engliſh Practice, it is neceſlary to look 
back on Chap. XX XIV. p. 381. towards 
the Bottom; where we ſhall find, that tho? 
a circular Hole of a French Inch, (i. e. 15, 
Englſh,) give 72 Paris Muids or Barrels 
in 24 Hours, yet as the Paris Muid is not 
equal to our Eng liſßi Hogſhead, though by 
tome conſiderable Authors it is ſuppos'd 
to be, the ſame Inch of Water will give 


but about 55 Hogſheads and a Half inthe 
ſame Time. 


Again; when we calculate the Water 
which comes over the Head of a Caſcade, 
or through a ſquare Pipe or Trough, there 
is likewiſe ſome Difference, at leaſt as 1x 
is to 14; from whence I lay it down as 
a general Rule, that though a circular 
Hole of 1 Inch Diameter give but 55 
Hogſheads 5, yet a ſquare Trough or Pipe 
of an Inch will give 70 Hogſheads 2, 
which is ſomething more than Half a One. 


Let there then be aBay or Caſcade of Wa- 
ter of 20 Foot wide, which is 240 Inches, 
and that the Water is regulated exactly to 
run or tumble over the ſaid Bay or Caſcade 
half an Inch thick, which is 120 Inches 
Square of Water, that Caſcade will take 
(according to the foregoing Calculation) 
11475 Hogſheads to ſupply it a whole 
Day, though where Water is brought by 
an Engine, or the Supply of the Spring be 

pcuurious, 
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penurious, the Playing of that Caſcade 6 
Hours, will be ſufficient. 


To regulate and make the Expence of 
Water that is to tumble over a Caſcade 
very certain, and which is of great Uſe 
where the Water comes in a penurious 
Manner, the Right Honourable the Lord 
Middleton, at Middleton in Warwickſhire, 
has made a Contrivance which I think pro- 
per to mention in this Place, becauſel ne- 
ver ſaw it in a Book, or elſewhere put in- 
to Practice, but there, and which will be 
ſufficiently explain'd in Fig. 19. Plate 32. 
to this Chapter annex'd. 


A repreſents the Canal from whence 
the Water comes, B the Head or Bay, 
made of Stone, and CCCC the Steps over 
which the Water falls: Now in the Head 
B there are ſeen 4 Holes, of what Dia- 
meter you pleaſe, into which Plugs are to 
be put, to keep the Caſcade from running 
at all when the Water is ſcarce, or you 
have not a Mind to play it. 


At the Bottom of the Head B there ate 
Pipes which go under it, and communi— 
cating with the Canal A, are ready to ſpoute 
up their Water when thoſe Plugs are ta- 
ken away, but yet fo as that it will not 
raiſe it higher than its own Level at A, but 
yet it will come out very quick, and the 
Caſcade will abound with a greater or leſ- 
ſer Quantity of Water in Proportion to 
the Number of Pipes you open, or the 
Plugs you take away; ſometimes, perhaps, 
the Water will be plenty enough to let 
you open one, ſometimes two, ſometimes 
three, and ſometimes all four of the Holes. 


I ſhou!d before have noted, that the Wa- 
ter of the Canal A, is kept up to a con- 
ſtant Gage, dy a thin Stone Work, or 
Valve of Wood at aaaa. Now at Hamp- 
tun Cart, and other Places, that Barricado 
is a Valve of thick Board, which is made 
to turn down when the Water plays; but 
then all the whole Water which is in the 
Canal, muſt of Neceſſity run off in a lit- 
tle Time, as low as the Bottom of the 
Valve; and if there be not a freſh Supply 
behind, its Action mult ſoon ecaſe; where. 
23 u this Invention you can let on either 


'to be enlarg' 


more or leſs Water, as you ſee Oecaſſon, 
and as your Supply will beit allow. X 
murmuring or dropping of Water over 
ſuch a Head, is amuſing enough, but + of 
an Inch Thickneſs is generally fufficicnt, 
and 5 an Inch thick of Water, the moſt 
that need be allowed to any, even the lar- 
geſt Caſcades: For I have obſery'd, eſ- 
pecially where your Water is foul, that 
the Thickneſs of your Water rowling o- 
ver a Caſcade, is rather a Blemiſh, than a 
Beauty to it. Note, The Head of the 
Caſcade ought tu be at leaſt 6 or 8'Foot 
thick, and made battering inwards, for e- 
very Foot high it ought to- be at leaſt a 
Foot thick at Bottom, to diſcharge the great 
Weight which muſt neceſſarily be laid againſt © 
It, 


Note ult. A farther Account of the Diſ- 
tribution of Water from Pipes of Condud, 
into ſmaller Pipes, for the Supply of Towns 
and Gardens, by Jets, &c. The Diameter, 
Thickneſs, and Proportion, of Pipes of 
Conduct, Adjutages, c. having been 
fully handled in p. 126. ot this 
Treatiſe, there will be little or no Occa- 
ſion for me cither ro capitulate or enlarge 
upon it in this Place, But the particular 
Method of diltributing of Water for the 
Supply of Cities and T'owns, and divers 
Parts of a Garden, with ſome particular 
Directions for keeping Pipes of Conduct, 
and Adjutages, clcan, and from ſtopping 
up, and for the helping, if not the entire 
Prevention of that Friction and Interpo- 
ſition of Air which is the too natural 
Conſequence of all Pipes that Water 
comes mound, yet remains as neceſſary 
upon. 


To know how to manage this Diſtri- 
bution well, let KAB, Fg. 21. be the Height 
of a Veſſel which is to ſerve for a Gauge, 
and CD the Height of the Water, you 
maſt place the ſquare Holes about tuo 
Lines below the Surface CD, in an hori- 
zontal right Line EN. Now if this. 
Gauge be divided into ſeveral Squares of 
an Inch every Way, as EF PH, Sc. they 
will give more than an Inch; tor if the 
circular Holes giye 14 Pints in a Minute, 
the ſquare ones will give a Quantity thar 
wil! be to 14, as 14 to 11; which Pro- 

portion 
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portion of 14 to 11, is pretty near that of 
a Square to a Circle of the ſame Dia- 
meter: If then a round Inch gives 14 
Pints in a Minute, a ſquare Inch will give 
almoſt 18 Pints; for 11 is to 14, as 14 to 
17; therefore you mult divide EF into 
14 equal Parts; and if ER contain 11 of 
thoſe Parts, the long Square ERSH will 
be very near equal to a. circular Inch, 
and it will give an Inch, that is to ſay, 14 
Pints in a Minute, if the Water in. the 
Gauge Veſlel continues at the Height CD. 
You may make ſeveral Holes regularly 
following each other, equal to- ERSH, 
under the ſame Line EN, as RLT &, 
LMU T, Se. and if you would give 
Half an Inch, you mult divide one of theſe 
long Squares, as OQIG, by a middle 
Line X Y, and each Half will give Half 
-an. Inch, that is to ſay, 7 Pints in a Minute, 
and. all the other. Diviſions the. ſame,. if 
* take the Third, as IK Z Q, or the 

ourth, c. There will be this further 
Advantage, that if the Water that ſupplies 
the Pipes diminiſhes, and paſſing through 
them, fills only a Third, or the Half, or 
two Thirds of the Height of the Holes in 
. the Gauge, every Perſon will loſe in Pro- 
- portion, Which cannot be when the Holes 
are round; and if there be a little more 
Friction in the little Holes than in the 
great ones, the Water ſupplying the Ex- 
pence through a narrow Paſſage better than 
a wide one, will compenſate that Defect. 
If you would give 3 or 4 Inches, you 
muſt take 3 or 4 entire Holes, each equal 
to ERS TI as LT UM; but you mult 
make a little Separation, and have ſome 
Diſtance bet wixt the Holes, when you give 
but an Inch to each Perſon ; for their Wa- 
ters would be confounded together, if 
there were but 2 or 3 Lines betwixt them; 
the Entrance into each Pipe muſt be wide 


enough to receive the Water of each Divi- 
Hon. 


You may diſtribute a Spring to ſeveral 
Perſons in a Town, inthis Manner : 


Suppoſe that the Spring gives 40 Inches of 
Water in the Summer, and o Inches in 
the Winter, and 55 at other Times; you 
Muſt make ſeveral Reſervatories, as F G 


Calls 


HI, Fg. 21. where the Water may di- 
charge it ſelf. 


In the firſt, which muſt be the greateſt, 
you muſt let the Water riſe to a determi- 
nate Height, as AB, where there muſt be a 
Paſſage for the Water to run further on, 
and Holes for the firft Diſtribution, as at 
CDE, a Foot below A B: Theſe Holes 
may be wide enough, taken together, to 
let a0 Inches paſs through, and the 25 re- 
maining Inches will paſs above AB. It is 
evident, that when the Water is ſtrongeſt, 
the Elevation of the running Water will 
be greater above AB; and when the Wa- 
ter is weaker, that Elevation will be leſs; 
but not above an Inch, at moſt: So that 
when che Water that goes into the Reſer- 
vatory is 50 Inches, 20 and a half of them 
will go through the three Holes, and only 


-about 19 and a half will paſs through them 


when the Water gives but 40 Inches. We 
will do the ſame in Reſpect of the Water 
that paſſes above AB and that that paſſes 
through the Holes; and make little Reſer- 
vatories in other Parts of the Town, where 
we may diſtribute to particular Perſons the 
25 Inches, and the 20 Inches; always ob- 
ſerving to make the Holes 12 Inches, or 
at leaſt 10 Inches below AB. At 1aſt, it 
will happen, that during the great Plenty 
of Water, there will remain 5 or 6 Inches 
ot Water, which may be given to the Pub- 
lick, in ſome unfrequented Place, for par- 
ticular Uſes; and this Water will remain 
only during the great Plenty of Water; 
which may be obſerv'd alſo in the other 
Conduits, as CDE: For there will be al- 
ways ſome Remainder for the Service of 
the Town, either for Fiſh-Ponds, or other 
Receptacles for Water, that are kepta long 
Time without any Addition of freſh Wa- 
ter, and which may be ſupply'd from T'ime 


to Time; the reſt will be equally diſtri- 
buted at the Rate of 45 Inches, only they 


will have ſometimes a little leſs, ſometimes 


alittle more. 


Frontinus, a Roman Author, has diſcour- 
ſed of theſe Conducts of Water after ano- 
ther Manner. What we call an Inch, he 
#inaria; but his Ouinaria was a 
little lels: His Manner of applying * 
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he calls Calix, at the Bottom of which, 
there was a little Pipe of the Bigneſs of his 

uinaria, does not ſeem to be juſt; and 
it would be better to conduct 10 Inches to 
ſome Part of the Town, if the Perſons in 
that Part want only to Inches, and to diſ- 
charge them iuto a long Reſervatory, where 
ſuch a Gauge as 1 have mention'd may be 
apply'd, that ſhall give an Inch, or Half an 
Inch, according to what is got; and when 
there are Perſons that would have only a 
Line, which is the 144th Part of an Inch, 
or 2 Lines, which is the 724 Part of an 
Inch, then you muſt make the Gauge dit- 
ferent from that before-mention'd. There 
muſt be made a little Reſervatery apart, 
wherein the Water muſt run fo as to lie 
always 5 Lines above the Holes; and ha- 
ving made a ſquare Hole, whoſe Side is 4 
Lines, take away #, of its Breadth, lea- 
ving the whole Height of 4 Lines, which 
will give the gth Part of an Inch, that is 
16 Lines. Half that Breadth will give 8 


Lines, and a Quarter of it 4 Lines; or 


elſe you may make the Water to lie 64 
Lines above a Hole of a Line ſquare, from 
the Breadth of which you muſt take à, 
to have the exact Contents of a round 
Line, which will exactly give 14 Of 14 
Pints in a Minute, and 144 Pints in 24 
Hours, of ſuch Pints as are the 36th Part 
of a Cubic Foot. If you double the 
Breadth, you will have 2 Lines, which 
will give a Muid or Hogſhead in 24 Hours, 
Or 12 Pints in an Hour, and 3 Pints in a 
Quarter of an Hour; and to be ſure that 
ſuch an Opening gives neither more nor 
Jeſs than two Lines, you mult count the 
Time in which the Water running through 
it will fill a Quartern; if it does it in 75 
Seconds, the Quantity expended is exact. 
You mull let this Quantity of Water run 
in Pipes of an Inch Bore at leaſt; tor they 
might be ſtopp'd up in Time, if they were 
lels, and every 10 Vears Care muſt be ta- 
ken that the Gauge-Holes do not fill with 
a (tony Subſtance, which fixes to the Edges 
of the Holes; which, in ſuch Caſe, mutt 
be made a-new. 


When Marriotte tells us that Conduct 
Pipes are not large enough, a fine Mud 
Xettles in the loweſt Part of them, which 
will ſublide even from the cleareſt Wa- 


ter; and at laſt, as it hardens, it will wol- 
ly fill up the Pipe: Therefore it will be ne- 
ceſſary now and then to open them at the 
loweſt Places, fo as to make the Water 
run out with Violence, and it will bring 
out this Mud along with it, provided it be 
not yet petrity'd, ' 


And that if a Conduct Pipe is to be car- 
ried over ſome riſing Ground, there muſt 
be a ſmall Pipe ſolder'd to it in the higheſt 
Place with a Cock to it, that is to beopen- 
ed now and then, to let out the Air; which 
being drawn down with the Water, gathers 
together in the upper Part of the Pipe, and 
yy condens'd by the Water which com- 
preſſes it, comes out in Bubbles, and ſtrikes 
{ſometimes with ſuch Violence againſt the 
Conduct Pipe, as to crack it, it it be not 
ſtrong enough ro reſiſt; or breaks Pieces 
out, if it be made of any brittle Sub- 
ſtance. 


But for the Prevention of this, thereare 
ſome Rules laid already down in the Chap- 
ter which relates to Pipes in the Beginning 
of this Treatiſe, which is, by ſoldering 
on of hanging Valves at certain Diſtances, 
which. Valve, hangs like the Lid of a 
Brandy Quartern, when there is no Water 
in the Pipes; but when the Water comes 
in, it will take the Sediment with it, and 
drive it and the Air on before, till the Pipe 
is ſcower'd and clean'd: And as ſoon as 
the Water advances on in the Pipe towards 
the Place where the Valve hangs, the Air 
(there being another Pipe ſolder'd on, which 
reaches quite up to the Top of the Ground 


that the Pipe is cover'd with) will by the 


ſuperior Force of the Water give Place, 
and take its Way out, giving the Water 
Room (without Interruption) to purſue its 
Courſe, and the Valve is thereby kept ſhut 
till the Water retires again, and comes no 
more. This Iowe to Mr. Edwards. 


To goon: Marriotte, as to the Diſtribu- 
tion ot Water; which is partly inſtrumen- 
tal, and partly numerical; which if any 
Learner would reduce to Eugliſh Meaſures, 
he muſt have Recourſe to the Beginning 
of this Fourth Book, p. 360, 361. where 
the Eugliſb and French Mealures are ſtated 
and compared one with another. 
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But for the better Calculation of the 
Diſtribution of Water to ſeveral Fountains 
or Houſes which will often want to be 
ſupply'd at one and the ſame Lime, the 
following. Method, which is entirely nu- 
merical, will (with humble Submiſſion to 
thoſe who like a mathematical Demon- 
tration better) be much ſhorter and ca- 
ſier. | 


Suppoſe then, that there is a Reſer- 
voir which is to play ſeveral Fountains, 
or fupply ſeveral Houſes at one and the 
ſame Time, the Pipes of which are ro be 
of different Dimenſions, according to the 
Largeneſs of the Fountains or Houſes the 
Relervoir is to ſupply: And let there be ſix 
Branches to go from the Main, of the fol- 
lowing Dimenſions; one of 1 Inch Diame- 
ter, one of 14, one of 2, one of 23, one 
of 3, and one of 33, or of any Dimenſions. 

In the firſt Place, you are to find out 
the ſuperficial Content of the Bores of all 
theſe Pipes added together, which being 
multiplied as before directed, 


Inch. 

The Content of Pipe No 1 is I 
| 2 3 

3 4 

4 6 

5 9 

6 12 

Which added together, is 34 


F. Ow to find out the Dimenſions of a 
Pipe of Conduct which is to ſupply all 
theſe Pipes at one Time, you are to take 
the neareſt Square of 34 Foot, either by 
Rui es ſer down for that Purpoſe, or by 
the Table, which is to be found p. 377. of 
this 4th Book; where it will be ſeen, that 
the neareſt Square in whole Numbers is 
25 Inches: But then there is the Square of 
9 Inches more to find out, which is 108 
Parts, the Square whereof is eaſily found 
out to be 10 Parts. See the Proof. 


In. Pts. 
5 10 
5 10 
5 Inches by 5 Inches, is 25 

Inches by 10 Parts, is 4 3 

5 Inches by 10 Parts, is 4 
10 Parts by 10 Parts, is 8 4 
34 00 4 


By which it appears, that the Diameter of 
ſuch a Pipe of Conduct is to be 5 Inches 
10 Parts: But if it is 6 Inches, or 6 to 
the better, upon Account of the Sediment, 
which is apt to happen in all Pipes; which, 
together with the impervious Air, Friction, 
Sc. will (as has been before prov'd) very 
much impede or hinder the Spouting of the 
Water, 


I might in this Place have added much 
more as to the Shape or Form of the Pipes 
at the Place where the Adjutage or Spout 
is join'd to them, and ot the different 
Sorts of Figures which the laſt are made 
of, to make the Water appear above in va- 
rious Figures, of all which Bokler has 
produc'd a Number of Varieties; but as 
all theſe Gimcracks are now inagreatMea- 
ſure out of Uſe, and there being no particu- 
lar Shapes made uſe of, the Water riſing only 
in Columns or Mountaius, out of ſingle large 
Adjutages, or out of an Adjutage which 
has one large Hole in the Middle, and ſe- 
veral ſmall Pet forations or Holes, ſuch as 
is ſeen Fig. 20. Plate 32. no more need be 
added till we come to the Practice of Wa- 
ter-Works in the ſeveral beautiful Plates 
that come from /taly and Fraxce, and 
which by and by follow. 


Fig. 20. Tab. prædic. is a ſmall Plan of 
the Head or End of an Adjutage, the Top 
whereof is made of ftrong Copper, of x 
Foot Diameter, the middle Jet is 2 Inches, 
the ſecond Row 1 Inch, the third Row 
2 au Inch, the ſourth or out- ſide Row + 
of an Inch. 


4 1, tan * 


